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FOREWORD

The purpose of this Toxicologica Review isto provide scientific support and rationae for the
hazard and dose-response assessment in IRIS pertaining to chronic exposure to 2-methylngphthalene.
It is not intended to be a comprehensive treatise on the chemica or toxicological nature of 2-
methylngphthaene.

In Section 6, EPA has characterized its overdl confidence in the quantitative and quditetive
aspects of hazard and dose response. Matters considered in this characterization include knowledge
gaps, uncertainties, quaity of data, and scientific controversies. This characterization is presented in an
effort to make apparent the limitations of the assessment and to aid and guide the risk assessor in the
ensuing steps of the risk assessment process.

For other generd information about this assessment or other questions rdlating to IRIS, the
reader isreferred to EPA’s IRIS Hotline at 202-566-1676.
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1. INTRODUCTION

This document presents background and justification for the hazard and dose-response
assessment summaries in EPA’ s Integrated Risk Information System (IRIS). IRIS Summaries may
include an ora reference dose (RfD), inhaation reference concentration (RfC) and a carcinogenicity
assessment.

The RfD and RfC provide quantitative information for noncancer dose-response assessments.
The RfD is based on the assumption that thresholds exist for certain toxic effects such as cdlular
necrosis but may not exist for other toxic effects such as some carcinogenic responses. It is expressed
inunits of mg/kg-day. In generd, the RfD is an estimate (with uncertainty spanning perhaps an order of
meagnitude) of adaily exposure to the human population (including sensgitive subgroups) thet is likely to
be without an gppreciable risk of deleterious noncancer effects during alifetime. Theinhdaion RfC is
andogousto the oral RfD, but provides a continuous inhdation exposure etimate. Theinhaation RfC
condderstoxic effects for both the respiratory system (porta-of-entry) and for effects peripherd to the
respiratory system (extrarespiratory or systemic effects). It is generaly expressed in units of mg/ne.

The carcinogenicity assessment provides information on the carcinogenic hazard potentia of the
substance in question and quantitative estimates of risk from ora exposure and inhdation exposure.
The information includes a we ght-of-evidence judgment of the likelihood thet the agent is ahuman
carcinogen and the conditions under which the carcinogenic effects may be expressed. Quantitetive
risk estimates are presented in three ways. The slope factor isthe result of application of alow-dose
extrapolation procedure and is presented as the risk per mg/kg/day. The unit risk isthe quantitative
esimate in terms of either risk per pg/L drinking water or risk per ug/n?® air bresthed. Another formin
which risk is presented is a drinking water or air concentration providing cancer risks of 1 in 10,000; 1
in 100,000; or 1 in 1,000,000.

Deveopment of these hazard identification and dose-response assessments for 2-
methylnaphthalene has followed the genera guiddines for risk assessment as set forth by the Nationa
Research Council (1983). EPA guiddines that were used in the development of this assessment may
indude the following: Guidelines for the Health Risk Assessment of Chemical Mixtures (U.S. EPA,
19864), Guidelines for Mutagenicity Risk Assessment (U.S. EPA, 1986b), Guidelines for



Developmental Toxicity Risk Assessment (U.S. EPA, 1991), Guidelines for Reproductive Toxicity
Risk Assessment (U.S. EPA, 1996), Guidelines for Neurotoxicity Risk Assessment (U.S. EPA,
1998a), Draft Revised Guidelines for Carcinogen Assessment (U.S. EPA, 1999),
Recommendations for and Documentation of Biological Values for Use in Risk Assessment (U.S.
EPA, 1988), (proposed) Interim Policy for Particle Sze and Limit Concentration Issuesin
Inhalation Toxicity (U.S. EPA, 19944a), Methods for Derivation of Inhalation Reference
Concentrations and Application of Inhalation Dosimetry (U.S. EPA, 1994b), Use of the
Benchmark Dose Approach in Health Risk Assessment (U.S. EPA, 1995), Science Policy Council
Handbook: Peer Review (U.S. EPA, 1998b, 20004), Science Policy Council Handbook: Risk
Characterization (U.S. EPA, 2000b), Benchmark Dose Technical Guidance Document (U.S.
EPA, 2000c) and Supplementary Guidance for Conducting Health Risk Assessment of Chemical
Mixtures (U.S. EPA, 2000d).

The literature search strategy employed for this compound was based on the CASRNs for 2-
methylnaphthalene (91-57-6) and methylnaphthal ene (1321-94-4), and at least one common name. At
aminimum, the following databases were searched: RTECS, HSDB, TSCATS, CCRIS, GENE-
TOX, DART/ETIC, EMIC, TOXLINE, CANCERLIT, MEDLINE, and Current Contents. Any
pertinent scientific information submitted by the public to the IRIS Submisson Desk was dso
consdered in the development of this document. The relevant literature was reviewed through March
2003.



2. CHEMICAL AND PHYSICAL INFORMATION RELEVANT TO ASSESSMENTS

2-Methylnaphthalene (CASRN 91-57-6) is a polycyclic aromatic hydrocarbon (PAH),
conssting of two-fused aromatic rings with amethyl group attached on one of the rings a the number
two carbon (Figure 1). Synonyms include $-methylngphthdene. Certain physica and chemica
properties are shown below (ATSDR, 1995; CRC, 1990).

CH,

Figurel: 2-Methylnaphthalene

Chemicd Formula CiiHypo
Molecular Weight: 142.20 g/mol

Médlting Point: 34.6°C

Bailing Point: 241 °C

Dengty: 1.0058 g/mL (at 20 °C)
Water Solubility: 246 mg/L (at 25 °C)
Log Ky 3.86

Log K 3.39

Vapor Pressure: 0.068 mmHg at 20 °C

Henry's Law Constant: 4.99x10* atm-m#¥/mol

2-Methylnaphthalene is a natura component of crude il and cod, and isfound in pyrolysis and
combustion products such as cigarette and wood smoke, emissions from combustion engines, asphalt,
cod tar resdues, and used oils (ATSDR, 1995; HSDB, 2002; Warshawsky, 2001).
Methylngphthalene (CASRN 1321-94-4) refers to a mixture of gpproximately two-thirds 2-methyl-
naphthalene and one-third 1-methylngphthalene (CASRN 90-12-0). Methylngphthaeneis
manufactured from cod tar through the extraction of heteroaromatics and phenols. Didtillation of
methyl ngphtha ene removes 1-methylnaphtha ene, leaving 2-methylnaphthaene. Mixtures containing
2-methylngphthaene are used in the formulation of akyl-ngphthaenesulfonates (used for detergents and
textile wetting agents), chlorinated nagphthalenes, and hydronaphthal enes (used as solvents). Pure



2-methylngphthadene is a component used in the manufacture of vitamin K and the insecticide carbaryl
(1-naphthyl-N-methylcarbamate) (HSDB, 2002).



3. TOXICOKINETICSRELEVANT TO ASSESSMENTS

No studies are availadle regarding the toxicokinetics of 2-methylngphthaene in humans by any
route of exposure.

The available animd dataindicate that 2-methylngphthaene is aosorbed rapidly following
ingestion (gpproximatdy 80% within 24 hours). Once absorbed, it is widdy distributed among tissues,
reaching peek concentrationsin lessthan 6 hours. It is quickly metabolized by the liver, lungs, and
other tissues. 2-Methylngphthalene is rapidly excreted (approximately 70-80% within 48 hoursin
guinea pigs and 55% in rats), primarily as urinary metabolites (Melancon et d., 1982; Teshimaet d.,
1983).

3.1. ABSORPTION

Quantitative evidence of the rapid and extensive absorption of 2-methylnaphthalene is provided
by astudy of guinea pigs oraly-exposed to 2-methylngphthalene (Teshima et d., 1983).

Teshimaet d. (1983) oraly administered 10 mg/kg of 2-[*H]methylnaphthaenein dlive ail to
male Hartley guineapigs. Groups of 3 animals were sacrificed at 3, 6, 24, or 48 hours after exposure
and radioactivity was measured in various organs and tissues. The amount of the radiolabel detected
outside the gastrointestingl tract (i.e., variousinterna organs, blood, and urine) provides an estimate of
absorbed materid, whereas radiolabd found in the gastrointestinal contents and feces provides an
estimate of 2-methylnaphthaene that is not absorbed. Dataindicate that at least 25-72% of the
administered dose was absorbed by 3 hours, 44-80% by 6 hours, and 80-86% by 24 hours,
However, the percentages may underestimate the actua amounts absorbed since there may be
sgnificant enterohepatic cycling (see Section 3.4).

Although no quantitative studies are available regarding the rate or extent of 2-
methyl naphtha ene absorption by the respiratory tract or skin, findings of systemic toxicity following
exposure by these routes provide qualitative evidence of absorption. Inhaation exposure to
concentrations $352 mg/m?® 2-methylnaphthalene for 4 hours induced a delayed pain responsein



Widar rats, indicating that some absorption may have occurred (Korsak et ., 1998). Dermal
exposure of B6C3F1 mice to 119 mg/kg of a 1.2% mixture of 2-methylngphthalene and 1-
methylngphtha ene (approximate 2:1 ratio) in acetone twice weekly for 30 weeks induced pulmonary
toxicity in virtualy al exposed mice (Murata et d., 1992). By comparison, ora exposure of B6C3F1
mice to 52.3 mg/kg 2-methylngphthaene for 81 weeks led to the development of pulmonary toxicity in
approximately half of the exposed mice (Murata et d., 1997). Given that 2-methylnaphthdeneis
extensvely absorbed following ora exposure (Teshima et d., 1983), when taken together the results
indicate considerable derma absorption or significant first pass metabolism may have occurred
following ord exposure to 2-methyl-naphthaene.

3.2. DISTRIBUTION

Following oral adminigtration, 2-methylngphthaene is absorbed from the gastrointestind tract
into the portal circulation and trangported to the liver, where it undergoes oxidative metabolism to form
more polar metabolites. These metabolites are then trangported via systemic circulation to the various
organs and tissues, including the kidney. Excretion occurs primarily in the urine. While no human
distribution data are available, two anima studies that measured the distribution of radioactivity
following acute ord (Teshimaet d., 1983) and injection dosing (Griffin et d., 1982) were identified.
No digtribution studies following inhaation or dermd exposure are available.

Teshimaet d. (1983) ordly administered single doses of 10 mg/kg 2-[*H]methyl-naphthaene
to male Hartley guinea pigs (3/group) and observed peak tissue concentrations of radiolabd at 3 hours
in the blood and gallbladder, and at 6 hoursin al other tissues (see Table 1). The detection of a
relatively high concentration of radiolabdl in the galbladder a 3 hours suggests that liver concentrations
may have actudly pesked before 3 hours. Teshimaet a. (1983) reported a clearance haf-life of 10.4
hours from the blood, but did not specify the details of the caculation.



Table 1. Distribution of radioactivity in guinea pigs after oral administration of 2-[*H]methylnaphthalene

Tissue 3hours 6 hours 24 hours 48 hours

ug of ®H/g wet tissue

Gallbladder 20.2 15.7 0.4 0.04
Kidney 5.6 7.6 0.3 0.1
Liver 1.7 2.7 0.2 0.1
Blood 0.8 0.7 0.1 0.1
Lung 0.7 0.8 0.1 0.1
Others (combined) 0.8 11 0.2 0.1

Per cent of total administered dose

Internal organs 14 21 0.1 0.1
Blood 0.6 0.5 0.1 0.1
Gastrointestinal contents 279 20.2 31 1.0
Urine 231 41.3 78.6 72.2
Feces 0 0 10.8 11.9
Total recovery 53 64.2 92.7 85.2

Source: Adapted from Teshimaet al., 1983.

Griffin et d. (1982) administered single intraperitoned injections of 400 mg/kg [*4C]-2-
methylnaphthaene to male C57BL/6J mice. Groups of 4 mice were sacrificed at 0.5, 1, 3, 6, 12, or 24
hours after injection for measurement of radioactivity in fat, kidney, liver, and lung. Blood 2-
methylnaphthal ene concentrations decreased with areported dimination haf-life of 3 hours, indicative
of rgpid digtribution to other tissues or imination from the body. Peak tissue concentrations of 2-
methyl naphthalene equivaents (nmol/mg wet weight) were attained about 1 hour after injection in the
liver, 2 hours after injection in the fat, and 4 hours after injection in the kidney and the lung (Griffinet d.,
1982). Pesk concentrations were highest in fat (13 nmol/mg), followed by lower concentrationsin liver
(3.5 nmal/mg), kidney (2.9 nmol/mg), and lung (0.7 nmol/mg). The results demondtrate that 2-
methylngphthaene did not preferentialy accumulate in the lung dthough the lung was the only Site of
toxicity. Histologica examination found that the sngle 400 mg/kg dose induced bronchiolar necrosis
(minima to prominent doughing of lining cellsin the bronchiolar lumen as reveded by light microscopy)
in al exposed mice (Griffin et d., 1982). No lesonswere found in the liver or kidney of exposed mice
a any time point. Congstent with the attainment of peak lung tissue concentretion at 4 hours after
injection, no lesions were evident until 8 hours after injection. The authors aso evauated digtribution by
measurement of irreversible binding of labd from [*C]-2-methylnaphthalene to various tissues over a
dose (0, 50, 100, 300, and 500 mg/kg; intraperitonea injection) and time course (1, 2, 4, 8, 12, and



24 hrs). Maximum irreversble binding of 2-methylnaphthaene metabolites was observed in lung, liver,
and kidney tissues at 8 hours post adminigtration. The binding was dose- dependent in all tissues
between 50-500 mg/kg and concentrations of bound radioactivity were higher in the liver and kidney
than in the lung (the only tissue where lesions were found).

In addition, Griffin et d. (1982) evauated the influence of changes in metabolism on
distribution. Groups of mice (5/group) were treated with inhibitors (piperonyl butoxide or SKF525-A)
or inducers (phenobarbita or 3-methylcholanthrene) of cytochrome P450 (CY P) enzymes, or with
diethylmaeate to deplete tissue levels of glutathione prior to trestment with [*4C]-2-methylnaphthaene
(50-500 mg/kg) for the measurement of irreversible binding of label from [**C]-2-methylnaphthaene to
organ macromolecules. The CY P enzyme inhibitor piperonyl butoxide significantly decreased
irreversible binding in the liver, lung, and kidney by gpproximately 70, 40, and 50%, respectively.
Adminigration of the CY P enzyme inducer phenobarbita significantly reduced irreversible binding in the
lung by approximately 30% and reduced (not gatisticaly sgnificant) irreversble binding in the liver by
approximately 50%. Depletion of glutathione by trestment with diethylmaleste Sgnificantly reduced
irreversble binding in the kidney and lung by approximatdly 40 and 30%, respectively.

3.3. METABOLISM

The proposed metabolic pathway for 2-methylngphthdene in mammasis shown in Figure 2.
The pathway has been ducidated through the identification of urinary metabolites eiminated by
laboratory animals following acute exposure (Breger et d., 1983; Teshimaet ., 1983; Meancon et
da., 1985), by studies measuring the effects of enzyme modulators on the toxic and biochemica changes
caused by 2-methylngphthaene exposure in mice (Griffin et d., 1982, 1983), and by in vitro andyses
of purified enzyme preparaions (microsomd fractions and recombinant enzymes) from liver, lung, and
kidney tissues (Melancon et a., 1985).
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Figure 2: Metabolism of 2-methylnaphthal ene (adapted from Buckpitt and Franklin, 1989; Shultz et al.,
2001; Teshimaet al., 1983).



CY P enzymes catdyze the first competing steps, involving oxidation at the methyl group (the
predominant path) or oxidation at severa pogtions on therings (Figure 2). Approximately 50-80% of
2-methylnaphthalene is oxidized at the methyl group to produce 2-hydroxymethyl-naphthaene (Breger
et d., 1983; Mdancon et d., 1982; Teshimaet d., 1983) which is further oxidized to 2-ngphthoic acid
(the carboxylic acid derivative) (Grimes and Y oung, 1956; Melancon et d., 1982; Teshimaet d.,
1983), either directly or through the intermediate, 2-ngphthaldehyde. 2-Naphthal dehyde has been
detected only following in vitro incubation of 2-methylnaphthaene with recombinant mouse CY PIIF2
(Schultz et d., 2001). CYPIIF2, or naphtha ene dehydrogenase, has been shown to rapidly metabolize
the structurally related chemica naphthalene (Schultz et d., 1999). Schultz et .(2001) demonstrated
that CY PIIF2 metabolizes 2-methylngphthaene with arelatively high turnover rate (67.7 min) and a
low K, (3.7 -:m). 2-Naphthoic acid may be conjugated with glycine or glucuronic acid. Both
reactions can be catayzed by amino acid trandferase (i.e., ATP-dependent acid: CoA ligase and N-
acyltransferase) and uridine diphosphate glucuronosyltranferase, respectively (Parkinson, 2001). The
conjugation of 2-ngphthoic acid with glycine forms 2-naphthuric acid, the most prevaent metabolite of
2-methylnaphthaene detected in urine (Grimes and Y oung, 1956; Melancon et d., 1982; Teshima et
al., 1983).

Approximatdly 15-20% of 2-methylnaphthalene undergoes ring epoxidation at the 3,4-, 5,6-,
or 7,8 positions (Breger et d., 1983; Melancon et a., 1985). These reactions are catalyzed by CYP
enzymes, including CYPIA and CYPIB. While the epoxides have not been isolated, they are proposed
putative intermediates based on observed metabolites and are thought to be further oxidized by epoxide
hydrolase to produce dihydrodiols (3,4-dihydrodial, 5,6-dihydrodiol, or 7,8-dihydrodiol) of 2-
methylnaphthaene, or conjugated with glutathione (Griffin et d., 1982; Medancon et d., 1985).
Glutathione conjugation can be catalyzed by isozymes from the large family of glutethione S-
transferases or can proceed spontaneoudly (Parkinson, 2001). The hydroxy-glutathionyl-dihydro-2-
methylnaphtha enes were detected after 2-methylnaphthaene was incubated with hepatic microsomes
from Swiss-Webster mice or with isolated recombinant mouse CY PIIF2 enzyme and glutathione S
transferase (Schultz et d., 2001). Figure 2 shows six hydroxy-glutathionyl-2-methylngphthal enes; two
are formed for each of the epoxide intermediates (3,4-, 5,6-, and 7,8-epoxides), and each can exist in
two enantiomeric forms not shown in Figure 2 (Schultz et ., 2001).
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Three additiona minor metabolites are formed via the 7,8-epoxide pathway. 1-Glutathionyl-7-
methylngphthaene was identified in the urine of guinea pigs and by in vitro experiments with guinea pig
microsomes (Teshimaet d., 1983). 7-Methyl-1-naphthol and 7-methyl-2-naphthol were identified in
the urine of 4 species (rats, mice, guinea pigs, and rabhits)
following ord exposure (Grimes and Y oung, 1956). The mammdian metabolisam of 2-
methylnaphthalene has been andyzed in two quantitative experiments (Mdancon et d., 1982; Teshima
et d., 1983). Meancon et d. (1982) administered single subcutaneous injections of 0.3 mg/kg
2-methyl[8-1*C]naphthaene to 4 female Sprague-Dawley rats. In collected urine, 3-5% of the
administered dose was unchanged 2-methylngphthaene, 30-35% was naphthuric acid, 6-8% were
other conjugates of naphthoic acid, 6-8% were dihydrodiols of 2-methylnaphthalene, 4-8% were other
nonconjugated metabolites, and 36-45% were other high-polarity unidentified metabolites. Teshima
et a. (1983) administered single oral doses of 10 mg/kg 2-[*H]methyl-naphthaene to mae Hartley
guinea pigs (3/group). At 24 hours, 78.6% of the total administered dose had been excreted in urine as
metabolites. Sixty-one percent of radioactivity in urine was accounted for by 2-naphthuric acid, 11%
by glucuronide conjugates of 2-naphthoic acid, 4% by unconjugated 2-naphthoic acid, 10% by
S-(7-methyl-1-naphthyl)cysteine, and at least 8% by metabolites of 7-methyl-1-ngphthol. Additiondly,
unquantified glutathione conjugates were detected in the livers of treated guineapigs (Teshimaet d.,
1983). Taken together, these reports indicate that the metabolism of 2-methylnaphthdeneis rapid
(approximately 55% in rats within 3 days and approximately 80% in guinea pigs within 1 day) and that
80-85% of the metabolism occurs via oxidation of the 2-methyl group, with ring epoxidation accounting
for only 15-20%.

Standard assays in microsoma preparations (from mae Sprague-Dawley rat liver, C57BL/J6
mouse liver and lung, and Swiss-Webster mouse liver, lung, and kidney tissues) demondrate that the
initid steps of 2-methylngphthaene metabolism are mediated by CY P enzymes (Breger et d., 1981;
Griffinet d., 1982, Mdancon et d., 1985). The experiments further demondirate thet cataysis of 2-
methylngphthal ene metabolism to ether dihydrodiols (the ring epoxidation pathway) or 2-
hydroxymethylnaphthalene (the akyl-group oxidation pathway) required the cofactor NADPH and are
inhibited by heat denaturation or carbon monoxide. Other studies that measured covaent binding of
label from 2-methyl[8-*C]naphthdene to liver, lung, and kidney microsoma proteins of male Swiss-
Webster mice (Buckpitt et d., 1986) or liver dices of male ddY mice (Hondaet d., 1990) observed a
smilar dependence of binding on CY P activity (i.e., inhibited by cold temperature, nitrogen
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amosphere, piperonyl butoxide, and SKF 525A).

Microsomd studies with inducers and inhibitors of CY P activity have likewise demonstrated the
importance of CY P enzymesin 2-methylngphtha ene metabolism, but have not provided clear
mechanigtic information. For example, pretrestment of male Sprague-Dawley rats (prior to microsomal
preparation) with the CY P enzyme inducer $-naphthoflavone increased the overdl rates of metabolism
4-fold, but the CY P enzyme inducer phenobarbital increased production of only 1 of the 3 dihydrodiol
isomers (dlso 4-fold; specific isomer not determined) (Breger et d., 1981; Melancon et d., 1985).
Pretrestment of mice (before microsome collection) with 3-methylcholanthrene (an inducer of CYPIA)
reduced the pulmonary (but not hepatic) formation of one dihydrodiol isomer by haf (Griffinet d.,
1982). Phenobarbital increased the hepatic formation of a different isomer 3-fold, while neither
piperonyl butoxide (a mixed inhibitor) nor diethylmalegte (depletes glutathione) had significant effects on
metabolite formation (Griffin et d., 1982). Conversdy, Griffin et d. (1983) observed no significant
changes in the metabolism of 2-methylngphthaene in lung and liver microsomes of DBA/2J mice by
pretrestment with 3-methylcholanthrene, piperonyl butoxide, or diethylmaleate. However,
phenobarbital did increase the formation of one of the dihydrodiols (> 4-fold) without decreasing
formation of the other two (Griffin et d., 1983). Taken together, the data suggest that different
isozymes are respongble for different steps in the metabolism of 2-methylngphthaene and they likely
exhibit tissue- and srain-specificity.

Experiments that tested the effects of CY P enzyme inducers and inhibitors on the distribution
and toxicity of 2-methylnaphthaene in mice (Griffin et d., 1982, 1983) provided suggestive evidence
that CY P enzymes might metabolicdly activate 2-methylnaphthaene to one (or more) derivatives with
higher toxicity; however, the identities of these putative metabolites are unknown. The studies are
further discussed in Section 4.4.3.

High pressure liquid chromatography (HPLC) was used to determine the metabolism of 14C-2-
methylnaphthaene in rat hepatic microsomes and purified CY P enzymes (Melancon et d., 1985). The
sudy demondirated that epoxide hydrolase was rate-limiting for the formation of dihydrodiols
(Mdancon et d., 1985). Inhibitors of epoxide hydrolase (cyclohexane oxide and trichloropropylene
oxide) fully inhibited the pulmonary and hepatic formation of al 3 dihydrodiols from 2-
methylngphthaene in mouse liver and lung microsomes (Griffin et d., 1982).
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Anima studies provide evidence that glutathione conjugetion is an important detoxification
pathway. Griffin et d. (1982) assessad reduced glutathione levels following intraperitonedl exposure of
male C57BL/6J mice (4/group) to 400 mg/kg 2-methylnaphthalene a 0.5, 1, 3, 6, 12, 18, or 24 hours
post injection. Compared with controls, exposed mice showed a Satisticaly sgnificant decreasein
levels of glutathione in the liver (32-37% reduction) at 3 and 6 hours after injection with 2-
methylngphthaene. Glutathione levelsin the liver a other time points, and in the lung and kidney &t all
time points, were not decreased in exposed mice compared with controls. Results indicate thet this
dose of 2-methylngphthdene led to a short-lived depletion of glutathione leves only in the liver.
Because glutathione does not conjugate directly with 2-methylngphthaene, it is hypothesized that
glutathione binds to a more reactive metabolite.

Other studies have aso observed decreased tissue or intracdlular levels of glutathionein
response to exposure to high acute doses of 2-methylngphthalene, demondtrative of glutathione
conjugation (Griffin et d., 1982, 1983; Honda et d., 1990). Similarly, glutathione depletion (35%
when compared to controls) was detected in primary cultures of femae Sprague-Dawley rat
hepatocytes treated with 1 mM of 2-methylnaphthaene (Zhao and Ramos, 1998).

Although many PAHSs induce the activity of enzymes that metabolize them, no enzyme induction
by 2-methylnaphthal ene has been reported. Fabacher and Hodgson (1977) found no changesin
parameters of enzyme activity in the livers of mae inbred North Carolina Department of Hedlth strain
mice (4/group) given daily intraperitoned injections of 100 mg/kg 2-methyl-naphthalene for 3 days.
Endpoints measured included: O- or N-demethylation of p-nitroanisole and aminopyrene; metabolism
of benzphetamine, piperonyl butoxide, pyridine, and n-octylamine; microsomd protein levels, and
carbon monoxide spectra. Chaloupka et a. (1995) measured hepatic and pulmonary microsomal
ethoxyresorufin O-deethylase activity (EROD) and hepatic methoxyresorufin O-deethylase (MROD)
levelsin male B6C3F1 mice ($4/group) given intrgperitoned injections of amixture of 2-ring PAHsS
containing 23.2% 2-methylnaphthaene, 23.8% naphthaene, 13.3% 1-methylnaphthaene, and 0.22%
indan. MROD isameasure of CYPIA2 while EROD measures CYPIAL and 1A2 enzyme activity.
Doses of the mixture containing 300 mg/kg 2-methylnaphthaene did not induce lung microsoma EROD
activity or hepatic MROD eactivity, and hepatic EROD activity was only minimally induced by doses
containing 150 and 300 mg/kg 2-methylnaphthaene (2.4- and 6-fold induction, respectively).
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Important differences exist in the metabolism of 2-methylnagphthdene and ngphthaene
(ATSDR, 1995; Buckpitt et a., 1986; Buckpitt and Franklin, 1989; NTP, 2000). CYP enzymes
catayze theinitid metabolic step for both compounds, but ring epoxidation is the only initid reaction for
naphthalene. For 2-methylnaphthalene, alkyl-group oxidation is the principd initia reaction and ring
epoxidation isaminor metabalic fate.

No studies evauating the metabolism of 1-methylngphthaene in humans or animas are
available. Metabolism of 1-methylngphthaene may follow a smilar pathway as that described for 2-
methylnaphthaene (i.e., Sde chain oxidation) snce the chemicds are sructurdly related. However, no
Sudies providing evidence for this common pathway of metabolism were found.

3.4. ELIMINATION AND EXCRETION

No human data are available regarding the eimination or excretion of 2-methyl-ngphthalene.
Melancon et d. (1982) and Teshima et d. (1983) indicate that absorbed 2-methylngphthaene is rapidly
eliminated (gpproximately 70-80% within 48 hours in guinea pigs and 55% in rats). Approximately
85% of the administered dose is diminated, approximately 72% in urine, and 11-14% in feces
(Mdancon et d., 1982; Teshimaet d., 1983). No studies are available describing the elimination of 2-
methylnaphthal ene through exhdation or other routes.

Table 1 shows the percent of urinary and fecad dimination of an ord dose of 10 mg/kg
2-[*H]methylnagphthaene from guinea pigs (Teshima et d., 1983). Despite the high initid levels of
radioactivity detected in the gall bladder, urinary excretion exceeded feca excretion by 7-fold,
suggesting resbsorption of radioactivity from bilein the intestina tract back into the body (i.e,

enterohepatic cycling).

Female Sprague-Dawley rats (4/group) given subcutaneous injections of 0.3 mg/kg
2-methyl[8-*C]naphtha ene diminated 54.8% of the administered dose in urine within 3 days (Griffin et
a., 1982).
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Grimes and Y oung (1956) reported that urinary excretion was quditatively smilar anong
rabbits, guinea pigs, and mice given 2-methylnaphthalene by gavage or by intraperitoned injection, but
did not provide quantitative detalls.

3.5. PHYS OLOGICALLY-BASED TOXICOKINETIC (PBTK) MODELING

No human or anima PBTK models were identified for 2-methylngphthaene.

PBTK rat and mouse models have been devel oped for ngphthdene (Ghanem and Shuler,
2000; NTP, 2000; Quick and Shuler 1999; Sweeney et d., 1996; Willemset ., 2001). The models
were designed for ord, inhalation, intraperitoned, and intravenous exposure and are based on diffuson
rates and tissue partitioning coefficients aswdl asin vivo data for distribution, metabolism, and toxicity.
The models assume that ngphthalene is metabolized only in the liver and lungs to ngphthaene oxide (the
1,2-epoxide of ngphthaene) and naphthaene oxide is metabolized only in the liver and lungs by
epoxide hydrolase (to dihydrodiols) or glutathione transferase (to glutathione conjugates).

The PBTK models for ngphthaene in rodents are inadequate for predicting the toxicokinetics of
2-methylngphthalene. Anintegrd feature of the ngphthalene moddsis the metabolism of ngphthalene
exclusvely to ngphthaene oxide. In contrast, only 15-20% of 2-methylnaphthalene undergoes ring
epoxide formation, and 3 different isomers are produced (Melancon et d., 1982; Teshimaet a., 1983).
Therefore, the models for naphthaene would not adequately predict the toxicokinetics of 80-85% of
the metabolites of 2-methylnaphthaene.
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4. HAZARD IDENTIFICATION

4.1. STUDIESIN HUMANS—EPIDEMIOLOGY AND CASE REPORTS

No epidemiology studies or case reports are available which examine the potentia effects of
human exposure to 2-methylnaphthaene by any route of exposure.

4.2. PRECHRONIC AND CHRONIC STUDIESAND CANCER BIOASSAYSIN
ANIMALS—ORAL AND INHALATION

4.2.1. Oral Exposure
4.2.1.1. Prechronic Toxicity

Fitzhugh and Buschke (1949) evaluated the ability of 2-methylnaphthaene to induce cataract
formation inrats. While no cataracts were found in agroup of 5 weanling F344 rats fed a diet of 2%
2-methylnaphthalene (equivaent to 2,000 mg/kg-day') for a least 2 months, cataracts were detected in
rats fed an equivaent concentration of ngphthaene. Evauation of this study is limited by the lack of
experimental details. In this study, 2,000 mg/kg-day was an gpparent NOAEL for cataract formation.

Murata et a. (1997) conducted a 13-week range-finding study exposing B6C3F1 mice
(10/sex/group) to diets containing 0, 0.0163, 0.049, 0.147, 0.44, or 1.33% 2-methylnaphthal ene for
13 weeks. Estimated doses were: 0, 29.4, 88.4, 265, 794, or 2,400 mg/kg-day for males and 0, 31.8,
95.6, 287, 859, or 2,600 mg/kg-day for females, respectively. Approximate average doses (across
sexes) were 0, 31, 92, 276, 827, or 2,500 mg/kg-day, respectively. The 0.147% 2-methylnaphthalene
diet reduced weight gain in both sexes by 20-21%, while the 0.44 and 1.33% diets reduced weight gain
by 30-38% in both sexes. The authors attributed these effects to food refusal. Only micein the 0.44
and 1.33% dose groups were examined histologically, and no exposure-related adverse effects were
identified in any organ. Evauation of the datais limited by inadequate reporting of study results. In this

A dai ly dose of approximately 2,000 mg/kg, assumes an average body weight of 0.18 kg for subchronically

exposed F344 rats and an average daily food intake of 0.018 kg/day (U.S. EPA, 1988). Calculations: 2% in the diet =
20,000 mg/kg of food. 20,000 mg/kg of food x 0.018 kg of food/day + 0.18 kg of body weight = 2,000 mg/kg-day of 2-
methylnaphthal ene.

16



study, 92 mg/kg-day and 276 mg/kg-day (averaged between sexes) are the NOAEL and LOAEL,
respectively for reduced weight gain.

4.2.1.2. Chronic Toxicity

Murata et a. (1997) fed B6C3F1 mice (50/sex/group; 10 mice/cage) diets of 0, 0.075, or
0.15% 2-methylnaphthalene for 81 weeks. The average intakes were reported as 0, 54.3 or 113.8
mg/kg-day for males and 0, 50.3, or 107.6 mg/kg-day for females, respectively. Mice were monitored
daly for clinical sgnsof toxicity. For the first 16 weeks, food consumption and body weight were
messured weekly, and every other week theresfter. Blood was collected at sacrifice for leukocyte
classfication and comprehensive biochemica analyses. Organ weights were measured for the brain,
heart, kidney, liver, individua lobes of the lung, pancress, sdivary glands, spleen, and tedtis.
Histopathology was performed for these tissues and the adrena glands, bone (sternd, vertebrd, and
rib), eye, harderian glands, mammary gland, ovary, semind vesce, skeleta muscle, skin, smal and
large intestine, spind cord, stomach, trachea, uterus, and vagina. Pulmonary function was not evauated
in the control or trested groups. Quantitative differences between groups were Satigticaly andyzed
using Fisher' s exact test and andlysis of variance (ANOVA) with amultiple comparison post-test by
Dunnett; p # 0.05% was used as the threshold for Satistical significance.

Both 2-methylngphthaene and 1-methylngphthaene were tested smultaneoudy under the same
experimental conditions and protocols (Murata et ., 1993, 1997). A shared group of control mice
(50 maes and 50 females) was used in both of these studies. All dose and control groups were housed
in the same room. Quantitative details regarding the control animals aswell as some of the
methodology utilized for the analysis of non-neoplagtic endpoints and the qualitative description of these
endpoints (for both studies) were provided in the Murata et d. (1993) study. They were also omitted

2Mice exposed to 0.075% or 0.15% 1-methylnaphthal ene showed increased incidences of pulmonary
alveolar proteinosisin males and females and total lung tumorsin malesonly (Murataet al., 1993). Daily doses
calculated from reported total intakes were 75.1 and 143.7 mg/kg-day 1-methylnaphthalene for females and 71.6 and
140.2 mg/kg-day for males. For male mice exposed to dietary concentrations of 0.075% or 0.15% 1-
methylnaphthal ene, incidences were 13/50 and 15/50 for total lung tumors, and 23/50 and 19/50 for pulmonary
alveolar proteinosis (Murataet al., 1993). For female mice, respective incidences were 2/50 and 5/49 for total lung
tumors, and 23/50 and 17/49 for pulmonary alveolar proteinosis. No other exposure-related adverse effects were
observed in any other organs or tissues.
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from the later study (Murata et d., 1997).

Surviva and food consumption were not affected by exposure to 2-methylnagphthalene at 0.075
or 0.15% dietary levelsfor 81 weeks (Murata et d., 1997). While body weight data were presented
graphically as mean growth curves for maes and females in the control and exposed groups, group
means and standard deviations were not presented. The study report specified that the reduction in
fina mean body weight was Setigtically sgnificant for the high-dose male group. The reported mean
find body weights for the male and female high-dose groups were reduced by 7.5 and 4.5%,
respectively, when compared with controls. The decrease in body weight was not considered to be
biologicdly sgnificant for the 2-methylngphtha ene assessment.

Asshown in Table 2, dietary exposure to 2-methylnaphthalene was associated with a
gatigticadly sgnificant (p<0.05; Cochran-Armitage trend tests performed by Syracuse Research
Corporation) increased incidence of pulmonary dveolar proteinosisin male and femae mice in both
exposure groups, when compared with controls (Murata et d., 1997). Pulmonary aveolar proteinoss
was characterized by the authors as being Smilar to those lesions described in an earlier sudy (Murata
et a., 1993; 1997). According to the Murata et d. (1993) report, pulmonary aveolar proteinosis was
characterized by an accumulation of phospholipids in the aveolar lumens and, upon gross inspection,
white protuberant nodules gpproximately 1-5 mm in diameter were so observed. Higtologicdly, there
was vigblefilling of dveolar lumenswith cholesteral crystds, foamy cells, and an amorphous acidophilic
materid. No prominent fibross, edema, dvedlitis, or lipidosis were observed in aveolar walsor in
epithelia cells. No evidence of bronchiolar Clara cell necrosis or doughing was reported in the Murata
et d., (1997) study nor was there histopathologica evidence of non-neoplastic effectsin any other
tissue.

In humans, pulmonary aveolar proteinosis has been associated with increased serum lactate

dehydrogenase (LDH) (Goldgtein et d., 1998; Wang et d., 1997). However, no changesin serum
LDH were reported in mice exposed to 2-methylnaphthdene (Murata et d., 1997).
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Table 2. Incidence of pulmonary alveolar proteinosisin B6C3F1 mice fed 2-methylnaphthalene for 81
weeks

Female Male
Dose (% diet) 0 0.075 0.15 0 0.075 0.15
Dose (mg/kg-day) 0 50.3 107.6 0 54.3 1138
Pulmonary alveolar proteinosis 5/50 27/49" 22/48" 449 21/49" 23/49"
Lung adenoma 4/50 4/49 5/48 2/49 9/49" 5/49
Lung adenocarcinoma 1/50 0/49 1/48 0/49 1/49 1/49
Total lung tumors 5/50 4/49 6/48 2/49 10/49° 6/49

" Statistically significant by Fisher’s exact test (p<0.05)
Source: Adapted from Murataet al., 1997.

The authors indicated that the control non-zero incidence of pulmonary aveolar proteinoss
(9/99) for males and femaes was unusua because pulmonary aveolar proteinosis has not appeared
spontaneoudy in more than 5,000 B6C3F1 mice housed in the same room in the past. The appearance
of pulmonary dveolar proteinossin the control mice was smilar, but less pronounced than that seenin
2-methylngphthalene-exposed mice. Murata et d. (1997) speculated that the increased incidence of
pulmonary aveolar proteinosis in controls may have resulted from the inhaation of volatilized 1- or 2-
methylnaphthaene due to insufficient room ventilation.

Serum neutral fat levels were elevated in exposed maes and femaes, and reative and absolute
brain and kidney weights were increased among exposed males. In exposed females, counts of stab
(immature) and segmented (mature) neutrophils were sgnificantly decreased, and lymphocyte counts
were increased when compared to controls (Murata et d., 1997). Although statistical significance was
indicated for some of the effects, the biologica sgnificance of these differencesis unclear, due to the
lack of reported data (i.e., response magnitude and exposure leve).

Table 2 dso shows the incidence of lung adenomas, lung adenocarcinomas, and total lung
tumors (adenomas plus adenocarcinomas) in mice exposed to 2-methylngphthalene. No significant
differences were observed in the total tumor bearing mice between controls and 2-methylnaphthalene-
exposed groups for either sex. While, the male low dose group (54.3 mg/kg-day) had a Satigtically
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ggnificant increased incidence of lung adenomas and tota lung tumors when compared with controls,
the incidence of lung tumor in the higher dose mae group was not incressed in a gatigticaly sgnificant
manner. Anadysis of the maetotal lung tumor data by the Cochran-Armitage trend test a the p # 0.05
level did not find adtatigticaly significant trend with increasing dose (performed by Syracuse Research
Corporation). The study provides only limited evidence of a carcinogenic response in male mice to 2-
methylngphthalenein the diet. No significant devations in tumor incidence were observed for exposed
mae mice a other (non-lung) sites or in exposed femae mice a any Ste. It isnot explicitly stated
whether the tota lung tumor incidences cited in the study refer to the number of lung-tumor bearing
mice or to the number of lung tumors found in agroup. The study authors aso noted that the lung
tumors were mostly single incidences.

4.2.2. Inhalation Exposure

No studies are available in which hedlth effects were evauated in animas following prechronic
or chronic inhaation exposure to 2-methylnaphthalene.

4.3. REPRODUCTIVE/DEVELOPMENTAL STUDIES—ORAL AND INHALATION

No studies are avail able regarding the effects of 2-methylnaphthalene on reproduction or

development in humans or animas via any route of exposure.

4.4, OTHER STUDIES

4.4.1. Acute Toxicity Data
No acute ord toxicity studies were identified for 2-methylnaphthaene.

There are two acute inhdation studies with 2-methylnaphthalene: one examining neurobehavior
in rats and sensory/respiratory irritation in mice (Korsak et d., 1998) and one examining hematologic
endpoints in dogs (Lorber, 1972).
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Korsak et d. (1998) evauated acute neurotoxicity in rats and sensory/respiratory irritation in
mice immediately following whole-body exposure to 2-methylnaphthadene. Mae Widtar rats were
placed on a hot-plate (54.5 C) to measure latency of paw-lick response immediately after exposure to
0, 229, 352, or 525 mg/m? 2-methylnaphthalene for 4 hours (20, 10, 10, and 20 rats/group,
respectively). The Kruskad-Wallis satistica test was used to evduate pain sengtivity, with p#0.05
considered significant. Mean latencies (measured in seconds) to the paw lick response were 10.5 +
26,139+ 3.3,25.7 + 6.3, and 33.3 £ 19.9 for the control through high-dose groups, respectively.
Mean latencies in the 2 highest exposure groups were higher than the control mean (datisticaly
ggnificant), indicating a decreased sengtivity to pain when compared with controls. Defining latency
elongation $60 seconds as a 100% decrease in pain sengtivity, exposure to the low- through high-dose
groups decreased pain sengitivity by 6.8, 30.7, and 46.0%, respectively. Rotarod performance (the
trained ability to maintain balance on arotating rod for 2 minutes) was tested in groups of 10 rats
immediately after cessation of exposure to the same concentrations used in the pain sengtivity test. No
fallures occurred in the control, low-, or mid-concentration groups. In the high concentration group,
only /10 ratsfailed to stay on the rod. Thus, no Sgnificant effect on rotarod performance was
observed.

To assess sensory/respiratory irritation of 2-methylnaphthaene, male Ball/C mice (8-10/group)
were exposed to 0, 28, 58, 125, or 349 mg/m? of 2-methylnagphthaene for 6 minutes. Respiratory rates
were measured before, during, and 12 minutes after exposure (Korsak et d., 1998). Respiratory rate
decreased mogt rgpidly in the first 2 minutes of exposure. Immediately after 6 minutes of exposure,
respiratory rates decreased by approximately 8, 30, 70, and 80% at the low through high
concentrations, respectively, but returned to 75-95% of norma within 12 minutes after cessation of
exposure. The calculated concentration depressing respiratory rate in mice by 50% (RD5,) was
67 mg/m? (95% upper confidence interval of 81 mg/n¥). The authors considered irritation to be the
cause of these respiratory changes.

Lorber (1972) did not observe hematotoxicity in intact or splenectomized dogs following acute
whole-body exposure to 2-methylnagphthalene. The Lorber (1972) study was conducted because an
earlier unpublished study of exposure to a pyrethrin-based pesticide dissolved in a 3% mixture of
methylnaphthalenes reportedly affected blood counts in intact and splenectomized dogs. Accordingly,
Lorber (1972) tested the individua napthaenes to determine if they could account for the
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hematotoxicity individualy. Therefore, on 4 consecutive days, a pesticide fogger was used to bathe
dogs (4-6 intact dogs and 4-12 splenectomized dogs/group) in amist of 1 liter of kerosene containing
2-methylnaphthalene or practica-grade 2-methylnaphthalene for four 5-minute periods, with pauses
lagting 7-10 minutes during which the mist settled. The strains and genders of the dogs were not
reported. The amounts of 2-methylngphthaene fogged could not be determined from the information
provided?; therefore, no accurate exposure concentration could be estimated®. Blood was collected
prior to first exposure, prior to last exposure, and 7 and 10 days after first exposure. 1liac bone
marrow aspirates were collected under anesthesia before and after exposure. Endpoints measured
were mean levels of leukocytes, reticulocytes, platelets, and red blood cdll survival. Post-exposure
values were compared to pre-exposure values using student’ s t test at the p # 0.05 significance levd.
No gatigtically sgnificant differences were observed for any of the endpoints evaluated. Because
exposure levels experienced by the dogs could not be reliably estimated, the study does not identify a
reliable inhaation NOAEL for hematologic effects from acute exposure to 2-methylngphthaene.

Although no acute ord or inhaation studies evauated the effects of 2-methylnaphthalene on
lung histopathol ogy, data supporting the fact thet the lung is atarget of 2-methylnaphthalene exposure
has been provided by acute injection studies. In mice, histologica changes and doughing of Claracells
(atype of nonciliated cedll that lines the bronchioles of the lungs) have been reported at doses aslow as
100 mg/kg (Buckpitt et &., 1986; Griffin et d., 1981, 1982, 1983; Honda et ., 1990; Rasmussen et
a., 1986). Inthese studies, higher doses of 2-methylngphthalene also produced bronchiolar and
pulmonary necrosis.

3L orber (1972) reported that dogs were fogged with one liter of refined, deodorized kerosene either by itself
or containing one of the chemicals in amounts similar to what might be found in liter or gallon quantities of
commercial insecticides. The latter will be termed simulated gallons. 2-Methylnaphthalene and practical-grade 2-
methylnaphthal ene were mixed in 1 liter volumes of kerosene in a concentration similar to the three percent mixture
often employed commercially. The proportion of 2-methylnaphthalene in the mixture was not reported. Therefore, a
liter would have had some quantity less than 30 g of 2-methylnaphthalene. Given that 1 gallon = 4.545 liters, a
simulated gallon would have had an approximate quantity less than 100 g of 2-methylnaphthalene.

L orber (1972) reported that dogs were exposed in cages as far as possible from the fogger, inal0x 9x 8
foot room. Given that 1 foot = 0.3048 meters, the volume was approximately 20 m®. Homogenous dispersion of 30 or
100 g into 20 m® would have produced atmospheres of 1,000 or 5,000 mg/m?® of 2-methylnaphthalene for 41-50
minutes/day for 4 days. Inhaled concentrations were likely to have been substantially | ess because the amount of 2-
methylnaphthalene in the test solutions were less than 30 or 100 g, as discussed in footnote 3. Additionally, the
rapid settling of the fogged mixtures may have resulted in substantially reduced inhaled concentrations. The
potential for dermal absorption due to deposits of the mixture on fur of the animals also exists.
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Griffin et d. (1981) administered single intrgperitoned injections of 0, 0.1, 1, 10, 100, 200,
400, 600, 800, or 1,000 mg/kg 2-methylnaphthalene in corn oil to male C57BL/6J mice (5/group),
with sacrifice 24 or 48 hours later. Endpoints measured included: survivd; liver, kidney, and lung
histopathology by light microscopy; and eectron microcopy of lung tissue. One desth (1/5) was seen
a the highest dose. No liver or kidney lesons were detected by light microscopy. No lung toxicity
was seen in mice exposed to concentrations up to 10 mg/kg by light or eectron microscopy. However,
at 100 mg/kg and above, the incidence and severity of bronchiolar necrosis continued to increase with
increasing dose. At 100 mg/kg, pulmonary necrosis was observed in 2/5 mice and was limited to
irregularities of cdlslining the bronchioles, with cells present in the lumen. More severe pulmonary
necrosis was seen in al mice exposed to doses $200 mg/kg, with minima-to-prominent doughing of
nonciliated cells (Clara cdls) lining the bronchioles. At 1,000 mg/kg, dl mice exhibited complete
doughing of al bronchiolar lining cells. The extent of necrosis was reduced in dl treated groups
sacrificed 48 hours after dosng compared to those sacrificed 24 hours after dosng. For example,
following the adminigtration of 200 mg/kg, 5/5 mice showed bronchiolar necrosis at 24 hours, but at 48
hours 3/5 mice showed necrosis.

Griffin et d. (1982) sacrificed male C57BL/6J mice (4-5/group) 1, 2, 4, 8, 12, or 24 hours
after administering intraperitoned injections of 0 or 400 mg/kg of 2-methylngphthaene. Liver, kidney,
and lung tissue were collected for histopathology. No liver or kidney damage was observed. While no
pulmonary necrosis was observed between 1 and 4 hours, al mice exhibited some evidence of necrosis
beginning a 8 hours, that ranged from irregularity of the bronchiolar lining with norma areasto
prominent doughing of the bronchiolar lining.

Griffin et d. (1983) examined the pulmonary toxicity of 2-methylngphthdenein DBA/2J mice,
which are considered less responsive to inducers of CYPIA and CY PIB than C57BL/6J mice.
Male mice (5/group) were injected intraperitoneally with 0, 0.1, 1, 10, 100, 200, 400, 600, 800, or
1,000 mg/kg 2-methylnaphthalene in corn ail and were sacrificed 24 hours later. Mortality was
observed in 2/5 micein the 1,000 mg/kg dose-group. Histopathology of the liver, kidney, and lungs
detected no damage to the liver or kidney at any dose, and no pulmonary toxicity was observed at
doses up to 10 mg/kg. Slight evidence of pulmonary necross was detected in 4/5 mice receiving 100
mg/kg, and severe pulmonary effects were observed in al mice given higher doses. At 100 mg/kg
level, 2 mice showed irregularities of cdls lining one or two bronchioles with doughed cdlsin the lumen
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(scoreof 1+ on a0, 1+, 2+, 3+, or 4+ severity scale), 2 mice showed minima doughing of lining cdls
into the lumen of some bronchioles (score of 2+), and 1 mouse showed complete doughing of al
bronchiolar lining cells (score of 4+). In the 200 mg/kg group, pulmonary necrosis was scored as 1+ in
2miceand 2+in 3 mice. Prominent doughing of bronchiolar lining cdls into the lumen (scored as 3+)
was observed in al mice a 400 mg/kg. All mice at 600 and 800 mg/kg showed complete doughing of
the bronchiolar lining (score of 4+). Mortality was reported for 2/5 mice in the 1,000 mg/kg group.

Honda et a. (1990) administered single intraperitoneal injections of 0, 100, 200, 400, or
600 mg/kg of 2-methylnaphthaene to mae ddY mice and sacrificed them 24 hours later. No lung
damage was seen a 100 or 200 mg/kg. However, éectron microscopic anays's detected bronchiolar
damage a 400 mg/kg and exfoliated Clara cellsin the bronchiolar lumen a 600 mg/kg. The number of
animas per group was not reported. Additiona intrgperitoned injection experimentsin mae ddY mice
(3-5/group) observed gatigticaly sgnificant (p < 0.05) decreasesin pulmonary glutathione levels at 6
and 12 hours post injection with doses aslow as 100 mg/kg of 2-methylnaphthalene (20 and 32%,
respectively), but plasma glutathione levels were not decreased in doses as high as 400 mg/kg.

Rasmussen € d. (1986) administered single intrgperitoned injections of O, 1, or 2 mmol/kg of
2-methylnaphthaene (0, 142 or 284 mg/kg) in peanut oil to male Swiss-Webster mice (2/group) with
sacrifice a 24 hours, 3 days, 7 days, or 14 days. Lung, liver, and kidney tissues were examined with
light microscopy, and lung cdlls were andyzed by dectron microscopy. Lung cedll proliferation was
measured in the control and 284 mg/kg groups only. Doses of 0.5 or 3 mmol/kg (71 or 427 mg/kg)
were dso administered, but only electron microscopy results were reported for these mice. Statigtica
analyses of collected data were not performed. Cytotoxic effects on the epithelium of the lung airways
examined by light microscopy were scored on a 0-5 scale (0 = no effect; 1 = swelling of Claracells
with occasiond doughed cdlsin termind bronchioles; 2 = doughed cdls evident in bronchioles, but
ciliated cdlsintact and minima effects in bronchi and traches; 3 = doughed Clara cdls throughout
arways, 4 = doughed Clara cdls and ciliated cdlls in bronchioles with some damage in bronchi and
tracheg; and 5 = doughed cdlls throughout al airways, including trachea, leaving large areas of bare
basement membrane). Tissue samples were scored without knowledge of the treatment group.
Maxima average scores for lung cytotoxic effects were observed 3 days after injection. The maxima
average scoreswere 1.4 and 3.0 for 142 and 284 mg/kg mice, compared with an average score of O
for control mice. At day 14, cytotoxic effects were till evident and average scoreswere 1.5 and 2.0
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for the 142 and 284 mg/kg mice, compared with 0.4 for control mice.

Electron microscopy of lung tissue collected from exposed mice at 6, 12, or 24 hours after
injection showed Clara cell flatening, cytoplasmic vacuolization, loss of smooth endoplasmic reticulum,
reduced number of microvilli, prominent ribosomes, and dectron-dense mitochondria. Cytoplasmic
vacuolization was reported to have occurred in control mice, but not as extensvely as in exposed mice.
Claracdl ultrastructura changes were reported to have increased in severity with increasing dose, from
71to 427 mg/kg. Airwaysin mice from the highest dose group (427 mg/kg) were reported to be the
most severdly affected showing, in addition to Clara cell effects, flattened and vacuolated ciliated cdls
with dilated cisternae of the granulated endoplasmic reticulum, eectron-dense mitochondria, and
prominent ribosomes. At 1, 3, and 7 days after injection, cdl proliferation indices in bronchiolar
epithdlid cdlsfrom the 284 mg/kg dose group increased by 3-, 32-, and 3-fold, compared with vehicle
control vaues. Cdl proliferation indicesin dveolar cdls from the 284 mg/kg dose group showed a
amilar reponse over time, but were not as greatly increased asin bronchiolar cdls. Examination of
liver and kidney sections from exposed mice revedled minima changesin the liver and no changesin the
kidney. The study report did not further describe these changes or specify the dose levels a which they
occurred.

Buckpitt et d. (1986) administered single doses of 0 or 300 mg/kg 2-methylnaphthaene to
male Swiss-Webster mice (5/group) by intraperitoned injection, with sacrifice 24 hours later.
Higtologicd examinations identified bronchiolar necrosisin dl trested animas, and no lesions among
controls. Pulmonary necrosis was congdered moderate (bronchiolar epithelia cell swelling,
vacuolization, and exfaliation) for 3/5 mice and severe (extensive doughing in termind and larger
arways with widespread exfoliation) for 2/5 mice. For this sudy, the LOAEL for bronchiolar necrosis
in mae Swiss Webgter mice is 300 mg/kg 2-methylnaphthaene.

Femde Widar rats (numbers not provided) given single intrgperitoned injections of O or 1
mmol/kg (142 mg/kg) of 2-methylnaphthalene showed no evidence of pulmonary necross (Dinsdde

and Verschoyle, 1987).

4.4.2. Studieswith Methylnaphthalene Mixtures

25



Methylnaphthaene mixtures are used as industrid solvents, coolants, and dye carriers.
Methylnaphthalene mixtures are composed of 2-methylngphthaene and 1-methylngphthdenein an
aoproximate ratio of 2:1. Anima studies with methylnaphtha ene mixtures provide supporting evidence
that the lung is a sengtive target organ for 2-methylnaphthaene exposure.

Evidence of lung toxicity was observed in acute ord and dermal lethdity testing with a
methylngphthalene mixture (Union Carbide, 1982). Widar rats (5 femaes and 3-5 maes/group)
exposed by gavage to single doses of 4.0 mL/kg (4,000 mg/kg)® or grester developed dark red and
mottled lungs. Femae (but not male) rats aso exhibited labored breathing. The calculated ord LDs,
vaues were 4.29 mL/kg (4,200 mg/kg) for males and 3.25 mL/kg (3,180 mg/kg) for females. The
same report aso indicated that female New Zedland white rabbits (4/group) exposed dermdly to
8.0 ml/kg (8,000 mg/kg) developed dark red lungs and blanched livers. The caculated derma LDsg,
vaue for femaes was 5.38 mL/kg (4,660 mg/kg). No signs of toxicity or gross pathology were
observed in Widtar rats (5/sex) exposed to a saturated vapor of a methylnaphthaene mixture for
6 hours; the methodology reported was insufficient to estimate the exposure concentration (Union
Carbide, 1982). Acute derma and eye irritation studies with a methylnaphthaene mixture in rabbits
found that it wasirritating, but not corrosive (Carnegie Mdllon, 1974; Union Carbide, 1982). Because
these studies were designed to measure lethdity, lung pathology in surviving animals was assessed after
a 14-day recovery period.

Murata et d. (1992) exposed female B6C3F1 mice (15/group) to 119 mg/kg of a
methylngphtha ene mixture by gpplying an acetone solution containing 1.2% methylnaphthaene to their
backs twice weekly for 30 weeks. Lung tissue samples were andlyzed using light and electron
microscopy. Exposure to the mixture resulted in a 14% reduction in final body weight (compared to
contrals) that was not datisticaly sgnificant. All mice (15/15) exposed to the methylnaphthaene
mixture developed pulmonary dveolar proteinods. Lung surfaces grosdy contained multiple grayish
white nodules. Histologically, the aveoli appeared to be filled with cholesterol crystals, an amorphous
eosnophilic materia, and many mononucleated giant cdlls with foamy cytoplasm. The dveolar spaces
in areas were proteinoss was present were a<o filled with free mydinoid structures. The authors

SBased on adensity of 0.978 g/ml for methylnaphthalene (NTP, 2002a). Example calculation: 4.0 mi/kg x
0.979 g/ml x 1,000 mg/g = 4,000 mg/kg.
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reported that most myelinoid structures appeared to originate from hyperplastic and hypertrophic type
[l pneumocyte meocrine secretions. The enlarged mononucleated giant cells contained mydinoid
gructures Smilar to those observed in the aveolar space, dong with lipid droplets. The myelinoid
structures congsted of concentrically arranged and multilayered membranes interspersed with
amorphous materids. Various numbers and sizes of needle-like crystas were dso observed in the
mononucleated giant cdls cytoplasm. Alveolar walls were partialy thickened but there was no
prominent fibrogs. The thickening was due to hyperplasia and hypertrophy of type Il pneumocytes, or
foca hyperplasiaof cdls resembling type | pneumocytes in appearance. Ultragtructural andyses
verified these observations, and detected numerous necrotic cdllsin areas of proteinoss. Murataet d.
(1992) concluded that the mononuclested giant cells were type |1 pneumocytes overfilled with
myelinoid structures (rather than macrophages that might have engulfed lamdlar bodies) and that some
of these cells ruptured into the alveolar lumens. The authors reported that a higher dermal dose (238
mg/kg, twice weekly) induced a 100% incidence of pulmonary dveolar proteinossin a shorter time
period (20 weeks), but noted that this was unpublished data (Murata et d., 1992). Murataet d.
(1992) dtated that the incidence of pulmonary aveolar proteinoss observed in mice exposed to a
methylnaphtha ene mixture via the dermd route had been demongtrated in an earlier study conducted by
their laboratory (Emi and Konishi, 1985).

Emi and Konishi (1985) painted the shaved backs of female B6C3F1 mice with O, 29.7, or
118.8 mg/kg of a methylnaphthalene mixture in acetone twice weekly for 61 weeks. The control
through high-dose groups contained 4, 11, and 32 mice, respectively. At sacrifice, animaswere
necropsied, and histology was performed on the skin and principa organs (not identified). Although
surviva information was not provided, areported pesk in mortdity at 38 weeks was attributed to lipid
pneumonia. Lipid pneumoniawas observed (in animasthat died) as early as 10 weeks in which Emi
and Konishi (1985) described the condition as severe. Thefind incidences of lipid pneumoniawere
0/4, 3/11, and 31/32 for the control, low, and high dose groups, respectively. Lipid pneumoniawas
characterized grossy by multiple delocalized white spots and soft clearly-demarcated nodules. The
predominant histologica festure was hypertrophy and hyperplasiaof type Il pneumocytesin the lung.
Additiona observations included dight aveolar wall thickening, multinuclested giant cell reaction, and
the presence of foamy cells and cholesteral crystasin the dveolar lumen. Evidence of focd dveolar
dilation and emphysema was also observed but was considered a compensatory reaction by the
authors.
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A subsequent study was performed to analyze the types of lipids present in the lung following
exposure to a methylngphthalene mixture (Taki et d., 1986). Femae B6C3F1 mice received doses of
0, 118.8, or 237.6 mg/kg of the methylnaphthaene mixture (3, 8, or 7/group, respectively) in acetone
on the shaved skin of their backs twice aweek for 50 weeks (equivaent to 0, 33.9 or 67.9 mg/kg-
day). Lung tissue was collected at 50 weeks for quantitation of lipid content. Lung histopathology was
not reported. Cholesteryl ester was observed in the lungs of al exposed animals, but not in controls.
Exposure to the mixture aso increased lung triglyceride, cholesterol, and phosphalipid levels. The most
dramatically increased phospholipids were phosphatidylcholine (increased 1.5- to 5-fold in low-dose
animals and 3- to 5.7-fold in high-dose animals) and phosphatidylglycerol (incressed 1.5- to 5.8-fold in
low-dose animas and 3- to 5.8-fold in high-dose animals). The authors considered these changes to
be evidence of lipid pneumonia

T-cdll-independent and T-cell-dependent immunity were suppressed in mice injected with a
mixture containing 2-methylnaphthaene (Harper et d., 1996). Femae B6C3F1 mice (5/group) were
given sngle intrgperitoned injections of 0, 24, 47, 188, or 754 mg/kg of amixture containing 2-ring
PAHSs (congigting of 38.3% 2-methylnaphthaene, 39.3% naphthalene, 22.0% 1-methylnaphthaene,
and 0.36% indan). Two days later, the mice were chalenged with injections of T-cell-independent or
T-cell-dependent antigens (trinitrophenyl-lipopolysaccharide [TNP] or TNP-haptenated sheep red
blood cdlls, respectively). Mice were sacrificed 2 days after the chdlenge. Leves of serum anti-TNP
IgM and the ability of spleen cdlsto form plague in the presence of the administered antigen and
complement were measured as a determinant of immune function. Decreased plague formation
following the T-cell dependent and T-cell independent chalenge and increased anti-TNP IgM levels
were observed. Similar immunosuppression was observed for a mixture containing the 2-ring, 3-ring,
and $4-ring PAHs. The study was inconclusive regarding the possible effects of 2-methylnaphthaene
on the immune system, due to the potentialy confounding influence of other chemicas present in the test
mixture.

4.4.3. Other Cancer Studies

No evidence of cocarcinogenic activity was found in femae | CR/Ha Sprague-Dawley mice
(30/group) dermally exposed to 0 or 25 - g (32 :g/kg-day) 2-methylngphthaene plus 300 ng of
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benzo[a] pyrene (BaP) in acetone 3 times per week for 78 weeks (Schmeltz et d., 1978). While
negative (acetone only) and positive (BaP plus 12-o-tetradeconoy! phorbol-13-acetate) controls were
included, 2-methylnaphthal ene was not tested alone. Compared to positive controls, the exposure
increased the time-to-first-tumor (52 versus 58 weeks) and decreased the number of tumor-bearing
animals (44% versus 20%). The gatistica sgnificance of these findings could not be determined from
the data presented. Similar inhibitory effects (compared to BaP adone) regarding the number of tumor-
bearing animas were found with mixtures of BaP with ngphthdene, 1-methylnaphthaene,
1,2-dimethylnaphthaene, 2-ethylnaphthalene, or the naphthaene-fraction of cigarette smoke.

4.4.4. Genotoxicity Studies

No genotoxicity studiesin humans or animds are available. No studies investigating potentid
germline mutations are avalable. Datafrom in vitro short-term tests provide limited evidence for
genotoxic activity of 2-methylngphthaene (Horin et d., 1980; Harvey and Haonen, 1968; Hermann,
1981; Kopper Co. Inc., 1982; Kulkaet a., 1988; Weis et a., 1998).

No mutagenicity was observed in Salmonella typhimurium strains TA98, TA100, TA1535,
or TA1537 treated with 2-methylnaphthalene (Florin et d., 1980; Hermann, 1981) or
methyl naphthalene mixtures (Kopper Co. Inc., 1982), with or without metabolic activation by SO
hepatic microsoma fractions. In these studies, SO hepatic microsoma fractions were prepared from
male Sprague-Dawley, Fischer 344, or Widtar rats induced with either Aroclor 1254 or 3-
methylcholanthrene. In vitro exposure of human lymphocytes to 2-methylngphthaene with metabolic
activation by S9 fractions produced gatigtically significant increasesin the incidence of Sster chromatid
exchanges (#22%) at dl concentrations tested (0.25 to 4 mM) and of chromatid breaks (6.5-fold) only
at the highest concentration tested (4 mM) (Kulkaet d., 1988). No differences were observed
following exposure without metabolic activation. The authors considered the Sster chromatid response
to be negative because the magnitude of the response was less than a 2-fold increase. They aso
consdered the chromatid breaks to be minor because no damage was observed a concentrations #2
mM.

In vitro assaysin WB-F344 rat liver epithdiad cdlsindicated that 2-methylngphthaene, as well
as ngphthaene and 1-methylngphthaene, inhibits gap junctiond intercellular communication (Weiset d.,
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1998). Theinhibition of intracellular communication has been postulated by the authors to be an
epigenetic mechanism of tumor promotion by preventing intercellular trangport of regulatory molecules.

Harvey and Haonen (1968) showed that 2-methylngphthal ene binds to four nucleic acids
(adenosine, thymidine, uridine, and guanosine), as wdll as 3 structurdly ana ogous compounds (caffeine,
tyrptophan and riboflavin) in aslicage matrix. The physical conditions of the experiment were not
provided (e.g., temperature, pH). While the experiment provides suggestive evidence that 2-
methylnaphthalene may interact with DNA (even in the absence of metabolic activation), more recent
corroborating studies are not available.

4.5. SYNTHES SAND EVALUATION OF MAJOR NONCANCER EFFECTSAND MODE
OF ACTION—ORAL AND INHALATION

45.1. Oral Exposure

There are no studies examining possible associ ations between acute or repeated ord exposure
to 2-methylngphthaene and noncancer hedth effectsin humans. A number of studiesin laboratory
animalsindicate pulmonary toxicity following exposure to 2-methylngphthaene. One sudy in mice
provides evidence of the development of pulmonary dveolar proteinoss following near-lifetime
exposure to 2-methylnaphthaene at dose levels of approximately 50 mg/kg-day (Murata et ., 1997).
In this sudy, mae and femae B6C3F1 mice were exposed to 0, 0.075, or 0.15% 2-methylnaphthaene
inthe diet for 81 weeks. Average daily doses were 0, 54.3 or 113.8 mg/kg-day for males and 0, 50.3
or 107.6 mg/kg-day for femdes. There was addidicdly significant increase in the incidence of
pulmonary aveolar proteinosis in both exposure groups when compared to controls. Incidences for the
control through high-dose groups were 4/49, 21/49, and 23/49 for mae mice and 5/50, 27/49, and
22/48 for femae mice, respectively. Histological examination of mgor tissues and organs reveded no
other exposure-related non-neopladtic effects at other sites (including the bronchiolar regions of the
lung). Pulmonary function in the control and exposed mice was not measured in thisstudy. The
findings indicate that the dveolar region of the lung isthe critica target of chronic ord exposure to 2-
methylnaphthalene,
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In addition to pulmonary aveolar proteinoss, other effects observed in the study included
changes in brain and kidney weights, blood variables (decreased differential counts of neutrophils and
increased lymphocytes), and serum levels of neutrd fat, tota lipids, and phospholipids (Murata et d.,
1997). Thebiologicd sgnificance of these findingsis difficult to assess due to the lack of reporting
regarding the magnitude of the changes and the dose leves a which they occurred. The authors
proposed that additional research is warranted to determine whether the e evated serum levels of fat is
related to the induction of pulmonary aveolar proteinosis or is a subsequent effect of this condition.
The authors were contacted and the data on these variables was requested. The authors provided the
data concerning the number of neutrophils and lymphocytes dong with the serum levels of fats and
lipids. Theauthors did not provide brain and kidney weight data. Currently, no U.S. EPA guidance
exigs detaling the biologicd significance of changesinimmunologica parameters and their use as
critica effects. Thus, the atered number of neutrophils and lymphocytes was deemed ingppropriate for
use asthe criticd effect. However, it should be recognized that decreased neutrophils, o referred to
as leukopenia, may ater immune function and promote infection. In addition, dtered activity of the
hematopoietic growth factor, granulocyte-macrophage colony stimulating factor (GM-CSF), agrowth
factor responsible for the proliferation and differentiation of neutrophils and macrophage lineage
hemopoietic cdlls, has been suggested to be involved in the pathogenesis of pulmonary aveolar
proteinossin humans (Mazzone et d., 2001). Findly, there was no definitive evidence indicating
whether changes in the serum levels of neutrd fats, lipids, and phospholipids are rdated to the induction
of pulmonary dveolar proteinosis or are aresult of this condition following exposure to 2-
methylnephthdene.

The ord toxicity data base for 2-methylnaphthaleneis sparse (Table 3). A poorly reported
study in rats that found no evidence for cataracts after $2 months exposure to 2,000 mg/kg-day 2-
methylngphthal ene (Fitzhugh and Buschke, 1949). Murata et d. (1997) conducted a preliminary dose-
selection study in which B6C3F1 mice (10/sex/group) were fed diets containing 0, 0.0163, 0.049,
0.147, 0.44, or 1.33% 2-methylnaphthalene for 13 weeks. The two highest dose groups were without
histologically-visible non-neoplastic adverse effects in any organs when compared with controls, but
showed growth retardation (tissues from mice in the lower dose groups were not evauated). The
finding that pulmonary aveolar proteinosis did not develop in mice after 13 weeks of exposure to
dietary concentrations of 0.44 or 1.33%, coupled with the finding that 81 weeks of exposure to 0.075
or 0.15% 2-methylnaphthaene increased the incidence of this effect, suggest that the development of
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pulmonary aveolar proteinog's requires chronic-duration ora exposure at the dose levelstested. There
are no ord exposure studies examining the possible developmenta, reproductive, or neurologic toxicity
of 2-methyl-ngphthdenein animds.

Table 3. Oral toxicity studiesfor 2-methylnaphthalene

Species Dose/Dur ation NOAEL LOAEL Effect Reference
Rat $2 monthsin diet; 2,000 mg/ No cataractogenesis Fitzhugh and
(5 rats of 2,000 mg/kg-day kg-day Buschke, 1949
unspecified
Sex)

Mouse 13 weeksin diet; 92 mg/kg- 276 mg/ Decreased weight gain; Murataet al.,
(10/sex/ average doses: 0, 31, day kg-day no non-neoplastic 1997
group) 92, 276, 827, or 2,500 effectsidentified
mg/kg-day histologically in any
organs at 827 or 2,500
mg/kg-day
Mouse 81 weeksin diet; 54.3 (M) Increased pulmonary Murataet al.,
(50/sex/ doses: 0, 54.3, or 50.3 (F) alveolar proteinosis at 1997
group) 113.8 (M); 0, 50.3, or mg/kg-day | both dosesin both
107.6 (F) mg/kg-day sexes

Additiona support that the lung isacriticd toxicity target of 2-methylnaphthalene comes from
gudies of animas exposed to a mixture of methylngphthdenes. Table 4 summarizes the results from
available anima toxicity studies examining methylngphthaene mixtures. The strongest supporting
evidence comes from areport that twice weekly application of 119 mg/kg of a mixture of 1- and 2-
methylnaphthaene to the skin of B6C3F1 mice for 30 weeks or 238 mg/kg for 20 weeks produced a
100% incidence of pulmonary aveolar proteinoss (Murata et d., 1992). Murataet d. (1992) stated
that their results were consistent with those previoudy observed in their laboratory (Emi and Konishi,
1985). Emi and Konishi (1985) identified lipid pneumoniain 0/4 control mice and in 3/11 mice trested
dermally with 29.7 mg/kg doses of a methyl-ngphthaene mixture for 61 weeks. Emi and Konishi
(1985) aso observed lipid pneumoniain 31/32 femae B6C3F1 mice exposed to 118.8 mg/kg doses of
a methylngphthal ene mixture applied dermally twice per week for 61 weeks. The authors of the
Murata et d. (1992) study were contacted concerning the discrepancy in the classification of these
gmilar lesons following dermd exposure to methylngphthaene mixtures (i.e,, lipid pneumonia versus
pulmonary dveolar proteinoss). The authors stated that the lesions seen in both dermal studies with a
mixture of methylnaphthaenes were basicaly the same and that during the earlier sudy they were
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unfamiliar with such lesions and wavered on their classfication. The authors dso indicated that in
studies subsequent to Emi and Konishi (1985), where consistent and similar pulmonary effects were
observed (Murataet d., 1992, 1993, 1997) following either derma exposure to a mixture of

Table4. Toxicity studieswith mixtures of 2-methylnaphthalene and 1-methylnaphthalene

Route | Specie | Duration NOAEL LOAEL Effect Referenc
S e
Oral Rat Singledose | 2,000 mg/kg 4,000 mg/kg Lung discolora- Union
tion, labored Carbide,
breathing, and 1982
death
Inhalation | Rat 6 hours Substantially No clinical signs, Union
saturated vapor mortality, or gross | Carbide,
lung pathology 1982
Dermal Rabbit Single dose 4,000 mg/kg Death and Union
8,000 mg/kg discolored lung Carbide,
and liver 1982
Dermal Mouse 20 weeks, 238 mg/kg per Pulmonary Murata
two times application alveolar protein- etal., 1992
weekly osis
Dermal Mouse 30 weeks, 119 mg/kg per Pulmonary Murata
two times application alveolar protein- etal., 1992
weekly osis & decreased
final body weight
Dermal Mouse 50 weeks, 119 mg/kg per Changesin lung Taki etal.,
two times application lipidsindicative of | 1986
weekly lipid pneumonia
Dermal Mouse 61 weeks, 29.7 or 118.8 Pulmonary lipid Emi and
two times mg/kg per pneumonia & Konishi,
weekly application decreased survival | 1985

NOAEL = no-observed-adverse-effect level; LOAEL = lowest-observed-adverse-effect level.

methylnaphthaenes or dietary exposure to 2-methylngphthaene, they determined that pulmonary

aveolar proteinoss was a more appropriate description of pulmonary toxicity. A subsequent study
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reported that 119 or 238 mg/kg of methylngphthaene, gpplied twice weekly (dermd) to femae
B6C3F1 mice for 50 weeks, produced changesin lung lipid contents that were indicetive of lipid
pneumonia (Taki et a., 1986).

Lipid pneumoniais characterized by inflammation and fibrotic changes in the lungs resulting
from the inhaation of oils or faity substances (exogenous lipid pneumonia) or the accumulation of
endogenous lipid materid, typicaly cholesterol and/or lipids (endogenous lipid pneumonia). Lipid
pneumonia often develops from obstructive pneumonitis and typicaly is observed in the vicinity of lung
tumors. The disorder is characterized by the dveolar accumulation (without conclusive evidence of the
involvement of epithelid cells) of foamy macrophages that contain lipid dropletsin their cytoplasm.
While lipid pneumonia and pulmonary dveolar proteinoss usudly occur independently, they are often
observed smultaneoudy. The disorders correspond to two separate and morphologically distinct
presentations of lipid accumulation in the avedli of the lung. Pulmonary dveolar proteinossis
characterized by the accumulation of lamellar bodiesin the alveoli (described later in Section 4.5.1.).
The lamellar bodies are composed of apoproteins and lipids that appear to be surfactant related. Few
foamy macrophages are present in the alveoli. Altered function of the type Il pneumocytes (epithelia
cdls of the pulmonary dvedli) is believed to be involved in the development of pulmonary aveolar
proteinoss (Mazzone et d., 2001; Seymour and Presnelll, 2002). In contragt, lipid pneumoniais
characterized by the accumulation of foamy macrophages that are filled with lipid droplets. Thereis
suggestive, but not definitive evidence that type Il pneumocytes may be involved in the development of
lipid pneumonia (Sulkowska et a., 1997; Sulkowski and Sulkowska, 1999). Specificaly, Sulkowska
et a. (1997) and Sulkowski and Sulkowska (1999) found evidence of type Il pneumocyte proliferation
in late stage or fully advanced forms of lipid pneumonia, but not in the early stages of this disorder upon
histologica examination of lung fragments from patients with non-smdl cdll lung carcinomas and in
rodents administered cyclophosphamide intrgperitonedly to induce lung damage. Thus, it isunclear
whether lipid pneumonia and pulmonary aveolar proteinoss share a common pathogenesis or etiology.

The suggested mode of action in animals is congstent with whet is generdly known regarding
the etiology of pulmonary aveolar proteinossin humans. Available evidence in animas supports the
hypothesis that type |1 pneumocytes may be a specific cdlular target for the development of 2-
methyl ngphtha ene-induced pulmonary aveolar proteinoss. Light microscopic examination of lung
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tissue from mice that were repegtedly exposed to derma doses of a methylngphthalene mixture (119
mg/kg methylnaphtha ene mixture twice aweek for 30 weeks) showed hyperplasia and hypertrophy of
type Il pneumocytesin alveolar regions with proteinoss (Murata et d., 1992). Electron microscopic
examination showed that aveolar spaces were filled with numerous myelinoid structures resembling
lamdlar bodies of type Il pneumocytes (Murataet d., 1992). Associated with this extrace lular
meaterial were mononuclegted giant cdls (baloon cdls) containing numerous myelinoid structures, lipid
droplets, and eectron dense needle-like crystals. Murata et d. (1992) hypothesized that, in response
to amixture containing 2-methylngphthaene, type Il pneumocytes produce increased amounts of
lamdlar bodies due to hyperplasa and hypertrophy, and eventudly transform into mononuclested giant
cdls. Therupture of these cdllsis hypothesized to lead to the accumulation of the myelinoid structures
in the aveolar lumen. No in-depth ultrastructura studies of the pathogenesis of pulmonary aveolar
proteinoss from chronic exposure to 2-methylnaphthalene alone were available. However, Murata et
a. (1997) suggested that the adverse pulmonary effects detected by light microscopy following chronic
ord exposure to 2-methylngphthaene done were very smilar to those detected following chronic
derma exposure to the methyl-ngphthaene mixture. These amilarities suggest that the mode of action
(i.e., specific cdlular targeting of type Il pneumocytesin the dveolar region of the lung) prompted by
observations following exposure to the methylngphtha ene mixture are relevant to 2-methylngphthaene.

Pulmonary alveolar proteinosis (also referred to as dveolar lipoproteinoss, dveolar
phospholipidogs, dveolar proteinosis, and pulmonary aveolar lipoproteinoss) is adisorder in humans
that is characterized by the accumulation of surfactant lipids and proteinsin the dveoli. The condition
develops most commonly between the ages of 20-50 and more often in males then femaes (3:1,
respectively) and in smokers when compared to nonsmokers. The primary symptom associated with
this condition is dyspnea that may be accompanied with cough. Altered serum lactate dehydrogenase
(LDH) levels have been observed in few patients. Patients examined physicaly may appear normd,
but may have nonspecific pulmonary symptoms such as sporadic reduction in diffusing capacity to
modest reduction in vita capacity. In the mgority of cases, pulmonary aveolar proteinossis diagnosed
by the presence of amilky bronchiolar lavage fluid containing large amounts of granular acdlular
eosnophilic proteinaceous materid with abnorma foamy macrophages filled with periodic acid-Schiff
base (PAS) posgitive intracd lular materid. Upon examination of the bronchiolar lavage fluid by dectron
microscopy, concentrically laminated phospholipid structures, known as lamellar bodies, may be
present and are used to confirm pulmonary aveolar proteinosis. Histopathologicaly, pulmonary
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aveolar proteinosisis diagnosed by the dmost completefilling of the dveolar space with PAS positive
surfactant materid while the architecture of the dveoli iswell preserved. Studies indicate that treatment
with whole lung lavage may improve symptoms and pulmonary function in the mgority of patients with
this condition (Shah et a., 2000; Mazzone et ., 2001; Seymour and Presneill, 2002). During the
whole lung lavage procedure, the patient is anesthetized and intubated. While one lung is ventilated the
other islavaged with sdline. The lung isinfused with 3-5 mL increments of saline until the drained
effluent isclear. The second lung is ether lavaged the same day or 3-7 days later. Personswith
pulmonary adveolar proteinoss may require severa whole lung lavage trestments for recovery, but a
smdl proportion require lavage to maintain functiona status or are not responsve. The overdl
prognosis for pulmonary aveolar proteinos's treated by lavage is excdlent, with few incidence of
reported desth (Mazzone et d., 2001). In addition, cases of this condition (agpproximately 8% of
patients as reported in the available literature) have been reported to spontaneoudy resolve (Shah et d.,
2000; Mazzone et d., 2001; Seymour and Presnelll, 2002). Development of rare secondary infections
from organisms such as Aspergillus, Nocardia, or Mycobacterium isthe mgor complication
associated with this condition.

It wasinitidly suggested that the occurrence of pulmonary aveolar proteinossin humans was
the result of inhded irritant particles. However, inhdation toxicity sudiesin animasfalled to produce
the clinical festures associated with pulmonary aveolar proteinosis and human lung biopsy samples did
not contain actud particulate matter. Advances in the understanding of the pathogenesis of pulmonary
aveolar proteinosis in humans have led to the redlization thet there are three digtinct forms of this
condition (primary acquired, secondary, and congenita pulmonary dveolar proteinoss) each of which
have smilar histologic presentations. Approximately 80% of pulmonary aveolar proteinosis cases
occur as the primary acquired disorder of unknown etiology, and are not associated with afamilia
predisposition. Primary acquired pulmonary dveolar proteinoss is thought to involve the accumulation
of surfactant in the aveolar spaces due to dtered clearance by dysfunctiond macrophages in the aveoli
(Seymour and Presneill, 2002; Mazzone et d., 2001; Lee et d., 1997; Wang et d., 1997). Surfactant
is synthesized, secreted, and recycled by type Il pneumocytesin the alveoli. Surfactant catabolism
involves contribution from the type Il pneumocytes and macrophages. Studies in humans and knockout
mice suggest that clearance of surfactant by macrophages is reduced due to dtered activity of GM-
CSF which isresponsible for the transformation of monocytes into mature macrophages in the lungs
(Shah et d., 2000; Mazzone et d., 2001; Seymour and Presneill, 2002). These mature macrophages
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degrade surfactant. Altered activity of the growth factor (GM-CSF) may be due to the production of a
neutrdizing antibody to GM-CSF. Theinhibition of GM-CSF activity leads to immature macrophages,
undegraded surfactant, and surfactant buildup in the lung (Shah et a., 2000; Mazzone et d., 2001;
Seymour and Presneill, 2002).

In rare ingtances, severa underlying conditions such as lysinuric protein intolerance, acute
exposure to slicadust or other inhded environmental or indudtrid chemicas, immunodeficiency
disorders, maignancies and hematopoietic disorders rarely lead to the development of secondary
acquired proteinossin humans. The low occurrence of pulmonary dveolar proteinosis following
exposure to slicaand other inhaled environmenta and industrial chemicals, reported in afew sdected
case sudiesismogt likely due to improved occupationa hedlth and safety standards (Seymour and
Presneill, 2002).

Congenitd pulmonary dveolar proteinossis an autosoma recessive genetic disorder that may
develop a birth or later in life. Thisform of pulmonary dveolar proteinossis primarily believed to be
due to amutation in the surfactant-associated protein B (SP-B) gene. In addition, a proportion of
infants affected with this form of the disorder are thought to have abnormadiities in the receptor for GM-
CSF. Infants with congenital pulmonary aveolar proteinods are affected with severe lung falure shortly
after birth and have apoor prognosis for surviva (Shah et d., 2000; Seymour and Presneill, 2002).
Since whole lung lavage is difficult to perform on neonates, the most promising trestment for infantsis
lung transplantation (Seymour and Presnell, 2002; VVaughan and Zimmerman, 2002). Difficulties
associated with whole lung lavage are magnified by the difficulty in passing the intubation tube and
ingruments used to perform the lavage through the glottis of infants. Children that develop pulmonary
aveolar proteinosislater in life generally require repested lavage trestments, but have greater chance of
aurviva (Seymour and Presneill, 2002; Vaughan and Zimmerman, 2002). In addition, children
heterozygous for the mutation in the SP-B gene most likely develop respiratory symptoms later in life
and have amore pogtive prognos's than children that are homozygous recessive for this disorder
(Seymour and Presneill, 2002).

It is unknown whether 2-methylngphthaene by itsdf or its metabolites are respongble for the
development of pulmonary aveolar proteinoss. The higher incidence of pulmonary dveolar proteinoss
in mice exposed dermaly to mixtures of 1- and 2-methylnaphthaene described above (Murata et d.,
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1992), compared with the incidence in mice exposed ordly to 2-methyl-naphthaene done at
comparable doses (Murata et d., 1997), suggests that first pass hepatic metabolism associated with
ora exposure may limit parent compound reaching the lung. Conversdly, type Il pneumocytesin the
aveoli (the possible specific cdlular target following ord exposure to 2-methylnaphthaene) are
enriched in CY P enzymes (Castranova et d., 1988) and these enzymes are involved in metabolizing 2-
methyl naphthal ene (see Section 3.3.).

It is evident that the primary effect of 2-methylngphthaene exposure is pulmonary toxicity.
However, it is unknown whether 2-methylngphthalene by itself or one or more of its metabolites are
responsible for the development of pulmonary aveolar proteinogs. Severd metabolism studies have
evauated the effect of CY P enzyme inducers and inhibitors or glutathione depletion on 2-
methylnaphtha ene-induced toxicity. The studies provide equivoca evidence indicating whether 2-
methylnaphthaene or potentialy reactive metabolites are respongble for lung toxicity. For example, as
described in Section 3.2, Griffin et d. (1982) pretrested male C57BL/6J mice with CY P enzyme
inducers or inhibitors prior to intraperitoned injection with 2-methylnaphthaene (200 or 400 mg/kg) to
assess the role of metabolism in 2-methylnaphthal ene-induced pulmonary toxicity. None of the
pretrestments aone nor any of the pretreatments plus 200 mg/kg-day 2-methylngphthalene resulted in
pulmonary toxicity or lethaity when compared to controls. Exposure to 400 mg/kg 2-
methylngphthal ene alone resulted in the induction of bronchiolar necrosisin al exposed mice compared
to controls (Griffin et d., 1982). On the other hand, pretreatment with the CY P enzyme inducers
phenobarbita and 3-methylcholanthrene appeared to provide some protection from 2-
methylngphtha ene-induced pulmonary toxicity, indicating that 2-methylnaphthdene, rather than its
metabolites, were responsible for the toxicity.

In contrast to the effects observed in C57BL/6J mice (Griffin et d., 1982), pretreatment of
male DBA/2J mice with the same CY P enzyme inducers or inhibitors prior to intrgperitoned exposure
to 2-methylnaphthalene (as described in Sections 3.2. and 4.4.1.) did not decrease the severity of 2-
methylngphthaene-induced bronchiolar lesons (Griffin et d., 1983).

Griffin et a. (1982) suggested that glutathione conjugeation of reactive metabolites may play a
detoxifying role in response to the acute toxicity of 2-methylngphthadene. Pretrestment of mae
C57BL/6J mice (5/group) with 625 mg/kg diethylmaleate (to deplete glutathione) 30 minutes before
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trestment with 400 mg/kg 2-methylngphthaene resulted in mortality for 4/5 mice. The surviving mouse
exhibited prominent doughing of the bronchiolar lining, but a description of lung histopathology was not
reported for the nonsurvivors. In contrast, the same dose (400 mg/kg) of 2-methylngphthal ene without
glutathione depletion was not fatd, but resulted in the development of bronchiolar necrogis.

No bronchiolar necross was observed in mae ddY mice given single intraperitoned injections
of 200 mg/kg 2-methylngphthalene. Pretreatment with diethylmaeate (600 :1/kg) 1 hour prior to
injection caused extensive doughing and exfoliation of bronchiolar epithdid cdlsin dl animas (5/5)
(Hondaet a., 1990).

These obsarvations suggest that metabolism of 2-methylnaphthaene may play arolein the
pathogenesis of pulmonary aveolar proteinosisin type [l pneumocytes.

Additiond evidence on whether 2-methylngphthaene or its metabolites are repongble for lung
toxicity comes from intrgperitoned injection studies with 2-methylngphthaene (Table 5). Castranova et
a. (1988) noted that two types of cellsin the lung (type Il pneumocytes in the aveoli and the
nonciliated Clara cdls lining the bronchioles) exhibit subgtantia CY P enzyme activity and are expected
to metabolize foreign chemicds. Both cell types are secretory and are located in different parts of the
lung (Cho et d., 1995; Junqueiraet a., 1995). While chronic exposure of B6C3F1 miceto 2-
methylnaphthaene in the diet gppeared to target the type 11 pneumocytes, inducing pulmonary aveolar
proteinosis (Murata et a., 1992, 1997), acute intraperitoneal exposure of B6C3F1 miceto 2-
methylnaphtha ene targeted the Clara cells, inducing bronchiolar necross characterized by Clara cdl
abnormadlities, foca or complete doughing of Clara cells, and complete doughing of the entire
bronchiolar lining (Buckpitt et d., 1986; Griffin et d., 1981, 1982, 1983; Honda et d., 1990;
Rasmussen et d., 1986). These observations provide indirect evidence that the development of both
types of toxic response may involve metabolism of 2-methylngphthadene.
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Table5. Parenteral (singleintraperitoneal injection) studies of 2-methylnaphthalene

Species/Strain NOAEL LOAEL Effect Reference
Rat, Wistar 142 mg/kg No lung lesions Dinsdale and
Verschoyle, 1987
Mouse, C57BL/6J 10 mg/kg 100 mg/kg Bronchiolar necrosis Griffinetal., 1981
Mouse, DBA/2J 10 mg/kg 100 mg/kg Bronchiolar necrosis Griffinet a., 1983
Mouse, ddY 200 mg/kg 400 mg/kg Bronchiolar necrosis Hondaet al., 1990
Mouse, Swiss-Webster 142 mg/kg Bronchiolar necrosis, Rasmussen et al .,
bronchiolar epithelial cell 1986
proliferation, and minimal
liver histopathology
Mouse, Swiss-Webster 300 mg/kg Bronchiolar necrosis Buckpitt et al., 1986
Mouse, C57BL/6J 400 mg/kg Bronchiolar necrosis Griffinet al., 1982

NOAEL = no-observed-adverse-effect level; LOAEL = lowest-observed-adverse-effect level.

Studies of the mode of action by which acute intraperitoned injections of 2-methylnaphthalene
cause bronchiolar necrosis in mice indicate the possble involvement of reactive metabolites produced
via CYP enzymes, but the mode of action at the molecular level has not been ducidated and the
ultimate toxicant has not been identified.

The mode of action of acute Clara cell toxicity of 2-methylnaphthalene may be smilar to that of
naphthalene. The mode of action of naphthalene toxicity is hypothesized to involve metabolism by
CYPIA1 and other enzymes viaring epoxidation to reactive species such as 1,2-epoxides and 1,2-
quinones (Cho et al., 1995; Greene et d., 2000; Lakritz et ., 1996; Van Winkle et d., 1999). The
reective species then interact with cellular components. The observation that 2-methylngphthaeneis
less acutdly toxic than naphthaene (Buckpitt and Franklin, 1989; Cho et d., 1995) supportsthis
hypothesis, since only asmall fraction of 2-methylngphthaene (15-20%) undergoes ring epoxidation
(Breger et d., 1983; Melancon € al., 1985).

Findings from mode of action studies regarding the acute response in mice to intraperitoned
injection with 2-methylngphtha ene support the understanding that the lung isacritica toxicity target, but
may only be partialy related to the pathogenesis of pulmonary aveolar proteinosis from chronic ora or
derma exposure to 2-methylngphthalene. In mice chronicaly exposed to 2-methylnaphthalene for 81
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weeks, no evidence for exposure-related bronchiolar lesons (Clara cdl toxicity) were found (Murata et
d., 1993, 1997). Thefinding may be related to observations suggesting that Clara cells can develop
res stance to ngphthalene toxicity (Lakritz et d., 1996). Pretrestment of mae Swiss-Webster mice with
anontoxic initid dose of 200 mg/kg naphthaene for 7 days made the Clara cdll lining of the bronchioles
more resstant to a subsequent dose of 300 mg/kg naphtha ene compared with mice given only 300
mg/kg naphthalene without pretrestment (Lakritz et d., 1996). The authors suggested that reduced
expression of CYPIIB, CYPIIF, CYP reductase, and secretory protein led to thisincreased resistance
inthe Claracdls. However, the possible development of Clara cell resistance to the acute toxicity of
2-methylnaphthaene has not been studied.

There are limited data to suggest that rats may be less sengtive than mice to lung damage
caused by acute exposure to 2-methylngphthalene. Widtar rats given intraperitoneal doses of 140
mg/kg 2-methylnaphthaene did not lead to pulmonary toxicity (Dinsdde and Verschoyle, 1987). In
contrast, bronchiolar necrosis was induced in Swiss-Webster mice injected with approximately the
same dose (Rasmussen et d., 1986) and C57BL/6J and DBA/2J mice injected with 100 mg/kg 2-
methylngphthaene (Griffin et d., 1981, 1982, 1983). The data are congstent with findings that rats are
more resistant than mice to the acute Clara cdll toxicity of naphthaene (NTP, 2000; O'Brienet d.,
1985). No data are available for intergpecies comparisons of the chronic toxicity of 2-
methylnaphthalene,

2-Methylngphthal ene does not appear to target the liver or kidneys. No histopathologica
damage in these organs was reported in mice following ord exposure to doses as high as 114 mg/kg-
day for 81 weeks (Murata et d., 1997) or following acute intraperitoned injections to doses associated
with mortaity (1,000 mg/kg) (Griffin et d., 1981, 1983). Additiondly, no changesin clinica chemistry
markers of liver or kidney damage were seen in the 81-week study (Murata et d., 1997). Rasmussen
et d. (1986) reported minima changesin the livers of mice intrgperitonedly injected with 2-
methylnaphthaene, but did not further describe these changes or specify the dose levels a which they
occurred. In addition, in vitro assays have demondirated cytotoxicity caused by 2-methylnaphthaene
exposure in Sprague-Dawley rat cortica tubular epithelia cells and glomerular mesangid cdlls (Bowes
and Ramos, 1994; Parrish et d., 1998; Zhao and Ramos, 1998), but the relevance of these changesis
suspect given the absence of kidney changes in the acute and chronic in vivo exposure studies with 2-
methylngphthadene in mice,
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45.2. Inhalation Exposure

No human studies regarding the inhdation toxicity of 2-methylnagphthalene are available.

In addition, no chronic or subchronic anima inhdation studies with 2-methylnaphthaene are
avaladle.

Severd acute inhdation toxicity Sudies are available. Signs of nervous system depression were
observed in rats exposed for 4 hours, and a transent decrease in respiratory rate was observed in mice
exposed for 6 minutes (Korsak et d., 1998). No sgns of hematotoxicity in dogs were found after
exposure to mists of an unknown concentration of 2-methylngphthaene for 50 minute periods over 4
consecutive days (Lorber, 1972). An acute inhdation study with a methylnaphtha ene mixture
(exposure concentration unknown) reported that no clinica sgns, mortality, or gross pathology were
found in rats (Union Carbide, 1982).

4.5.3. Dermal Exposure

The pulmonary toxicity of 2-methylngphtha ene appears dependent on the route of exposure.
Dermd exposure to a methylnaphthaene mixture induced pulmonary dveolar proteinosisin al exposed
mice within 30 weeks, compared to ord exposure to 2-methylnaphthaene, which induced pulmonary
aveolar proteinosis in roughly haf of exposed animads within 81 weeks a gpproximately equd
administered dose levels (Murata et d., 1992, 1997). The findings suggest that first pass hepatic
metabolism associated with oral exposure may limit the amount of parent materia reaching the lung.
Moreover, foca interditia fibrosisin restricted areas and decreased surviva were observed following
derma exposure to a methylngphtha ene mixture (Emi and Konishi, 1985), but not following ora
exposure to 2-methylngphthdene (Murata et d., 1997). These observations suggest that toxicity
differences may exist across ord and dermal routes. 1t should be noted that the higher incidence of
disease following dermd exposure to methylnaphthaene mixtures may be partly attributed to increased
absorption of methylnaphthaene in an acetone solution rather than methylnaphthaene in an aqueous
solution.

42



4.6. WEIGHT-OF-EVIDENCE EVALUATION AND CANCER
CHARACTERIZATION—SYNTHESISOF HUMAN, ANIMAL, AND OTHER
SUPPORTING EVIDENCE, CONCLUSIONSABOUT HUMAN CARCINOGENICITY,
AND LIKELY MODEOFACTION

4.6.1. Summary of Overall Weight-of-Evidence

Under EPA’s Draft Revised Guiddinesfor Carcinogen Risk Assessment (U.S. EPA, 1999),
the data are inadequate for an assessment of human car cinogenic potential, based on the absence
of data concerning the carcinogenic potentia of 2-methylngphthaene in humans and limited equivocd
evidence in animals as discussed below.

4.6.2. Synthesisof Human, Animal, and Other Supporting Evidence

No epidemiologica studies or case reports regarding the carcinogenic potentid of 2-methyl-
naphthaene in humans are available. Anima cancer bioassays are limited to an 81-week dietary sudy
(Murataet d., 1997). Murataet a. (1997) observed a statisticaly significant increase in the incidence
of lung adenomeas and tota lung tumors (adenomas and carcinomas combined) in mae mice ordly
exposed to 54.3 mg/kg-day 2-methylnaphthaene, but not in maes oraly exposed to 113.8 mg/kg-day
or in females exposed to ether 50.3 or 107.6 mg/kg-day 2-methylngphthalene. The incidences of lung
carcinomas aone were not significantly different from controls for any exposure group. No increased
incidence was seen for other tumor types. The study (Murata et d., 1997) was conducted in
conjunction with a study testing 0.075 and 0.15% 1-methyl-naphthalene in the diet (Murataet .,
1993). Both studies shared a common control group of mice, and al mice were housed in the same
room. While Murataet . (1993, 1997) did not quantitate the concentration of 1- or 2-
methylngphthdene in the arr, it should be noted that 2-methylnaphthaeneis dightly more volatile than 1-
methylnaphthaene (vapor pressure of 0.068 and 0.087 mm Hg, respectively). Potential confounding
from possible inhaation exposure to 1- and 2-methylngphtha ene adds some uncertainty to the
relationship between ora exposure to 2-methylnaphthaene and the increased incidence of lung tumors.
Higtoricd controls for B6C3F1 mde and female control mice typicdly develop lung adenomas and
carcinomas spontaneoudly at an incidence of 19-24.8% and 7-8.5%, respectively ( NTP, 2002b, c).
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In addition, in a skin painting study where female mice were exposed to 2-methylngphthaene
(equivdent to 32 - g/kg-day) plus BaP for 78 weeks, 2-methylngphthalene plus BaP increased the
time-to-first-tumor (52 versus 58 weeks) and decreased the number of tumor-bearing animals
(44 versus 20%) when compared to mice treated only with BaP (Schmeltz et d., 1978). In this study
2-methylngphthal ene was not tested dlone. The gatistica sgnificance of these findings could not be
determined from the data presented. The incidences of non-skin tumors were aso not reported. No
mutagenicity was observed in tests using Salmonella typhimurium or cultured human lymphocytes
(Florin et ., 1980; Hermann, 1981; Kopper Co. Inc., 1982; Kulka et a., 1988).

There are no dataindicating that the metabolism of 2-methylngphthaene and the structurdly-
related 1-methylnaphthaene are smilar. Thislack of information precludes the use of evidencefor 1-
methylngphthal ene carcinogenicity (see Footnote 3, Section 4.2.1.2) as supporting evidence for 2-
methylngphthal ene carcinogenicity. It should be noted that evidence of carcinogenicity of the
sructuraly-related PAH naphtha ene has been hypothesized to be dueto, at least in part, to
metabolism via CY P-mediated ring epoxidation to reactive metabolites such asthe 1,2-epoxide or 1,2-
quinone derivatives (Cho et al., 1995; Greene et d., 2000; Lakritz et d., 1996; NTP, 2000; Van
Winkle et d., 1999). The metabolic formation of ring epoxidesis ardatively minor pathway for 2-
methylnaphthalene, wheressiit is the principal pathway for ngphthaene (NTP 2000; U.S. EPA, 1998c)
and, thus, the use of naphthalene carcinogenicity data as supporting evidence for 2-methylngphthaene
carcinogenicity is of limited vaue.

4.6.3. Mode of Action Information
The mode of action for tumor formation in mid-dose male mice in the Murata et d. (1997)

study is not known. No evidence of bronchiolar necrosis or Clara cdll damage was seen in the mice
exhibiting lung tumors after 81 weeks of digtary exposure to 2-methylngphthalene (Murata et d.,



1997). In addition, the available data do not support the hypothesis that pulmonary dveolar proteinosis
might be a precursor to lung tumor formation (Murata et d., 1993, 1997). For example, compared
with 1-methylnaphthaene, 2-methylngphthaene induced equa or dightly higher incidences of
pulmonary aveolar proteinos's, but lower incidences of lung tumors. In addition, Murata et d. (1993)
reported that the numbers of mice developing pulmonary dveolar proteinoss and lung tumors following
exposure to 1-methylnaphthaene were not statistically corrdated, and the sites of development of
aveolar proteinoss and lung tumors were not dways clearly linked.

4.7. SUSCEPTIBLE POPULATIONSAND LIFE STAGES

4.7.1. Possible Childhood Susceptibility

No studies are available regarding the adverse effects of 2-methylnaphthaenein children or
prenatal, neonatdl, or postnatal animals.

When compared to adults, infants and children who develop pulmonary dveolar proteinosis
have more severe symptoms and a poor prognodgs for survival. Whole lung lavage, the standard
trestment for this disorder, is unavailable to infants because of the difficulty in performing intubation and
lavage techniques on their smdl airways. In addition, sudiesin children with pulmonary aveolar
proteinoss provide suggestive evidence that congenita deficiencies in the expresson of some proteins,
such as surfactant protein B, may contribute to this disease (Mazzone et d., 2001; Mildenberger et dl.,
2001; Wang et d., 1997). Such individuas may be more senstive than the genera population to the
toxic effects of repeated exposure to 2-methylnaphthalene.

The toxicokinetics of xenobiotics can vary widely between children and adults due to
immaturity of the phase | and phase Il enzyme systems and clearance mechanisms in children (Ginsberg
et d., 2002). Studiesin animas indicate an equivocd effect of metabolism on the toxicity following 2-
methylnaphthal ene exposure (Griffin et d., 1982, 1983; Honda et d., 1990). The importance and
identity of the specific isozymes and/or metabalites responsible for these adverse effects are not well
understood.
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4.7.2. Possible Gender Differences

Gender-specific susceptibility to 2-methylngphthaene toxicity is not known. While clinical
cases of pulmonary dveolar proteinoss are 3-fold more common in men than in women (Mazzone et
d., 2001), no data are avallable regarding gender sengtivity to 2-methylnaphthdene in humans.

The available anima data do not provide definitive information for gender differencesin
susceptibility to 2-methylngphthadene toxicity. Acute animd testing data suggested that femaes were
somewhat more sengtive to 2-methylngphtha ene toxicity than males (Union Carbide, 1982). For
example, gavage sudiesin rats determined LD, vaues of 4.29 mL/kg for maes and 3.73 mL/kg for
femaes (4,310 and 3,270 mg/kg, respectively) and derma studiesin rabbits calculated LDy, vaues of
6.1 mL/kg in males and 4.8 mL/kg in females (6,130 and 4,790 mg/kg, respectively). Although no
ggnificant differences in the incidence of pulmonary aveolar proteinoss were observed between male
and femae B6C3F1 mice given equivaent dietary doses of 2-methylngphthaene for 81 weeks, only
exposed male (rather than female) mice showed an increased incidence of lung tumors (Murataet d.,
1993, 1997).

4.7.3. Other

No data are available regarding the effects of 2-methylnaphthalene on other potentialy
susceptible populations. Individuas with exigting clinica pulmonary dveolar proteinosis may be more
susceptible to the effects of 2-methylnaphthaene than hedthy individuas. In addition, individuds with
risk factors for pulmonary aveolar proteinoss include persons with myeloid leukemias, pulmonary
infection, a higtory of smoking, or inhdation of slicaor certain heavy metas may be more susceptible
(Mazzone et d., 2001; Seymour and Presneill, 2002; Wang et d., 1997).

46



5. DOSE RESPONSE ASSESSMENT

5.1. ORAL REFERENCE DOSE (RfD)
5.1.1. Choiceof Principal Study and Critical Effect - with Rationale and Justification

No epidemiology studies or case reports are available which examine the potentia effects of
human exposure to 2-methylngphthalene by oral exposure.

Only one chronic sudy is available in which animas were ordly exposad to 2-methyl-
naphthaene (Murata et a., 1997). This study was chosen asthe principa study. Mae and femde
B6C3F1 mice (50/sex/group) were fed diets containing 0, 0.075 or 0.15% of 2-methylnaphthalene for
81 weeks. Numerous endpoints were evauated, including histology for more than 24 tissues,
hematology, and serum chemistry. Pulmonary function was not evauated in either control or exposed
mice. Mean growth curve data showed reduced weight gain in males at both doses and in femaes
exposed to the high dose. While a gtatitically significant reduction in find body weight was observed
only in the high-dose mde group, the decrease was not consdered a biologicdly sgnificant effect in this
assessment. Severd other Satidtically sgnificant differences in blood parameters and organ weights
between control and exposure groups were reported. However, the biologica significance of these
differencesis unclear because no data were provided regarding the magnitude of the response or
exposure levels a which they occurred. Affected variables included relative and absolute brain and
kidney weights, serum neutrd fat levels, and differentid counts of neutrophils and lymphocytes. A
datisticaly sgnificant increase in the incidence of pulmonary dveolar proteinosis was observed a both
doses for males (54.3 and 113.8 mg/kg-day) and females (50.3 and 107.6 mg/kg-day). Incidencesfor
control through high-dose groups were: 4/49, 21/49, and 23/49 for males, and 5/50, 27/48, and 22/48
for femades, respectively. No other incidence of non-neoplastic effects were identified in exposed
groups of mae and femae mice. For these reasons, pulmonary aveolar proteinogsis chosen asthe
critica effect.

The sdection of pulmonary aveolar proteinos's as the critical effect following ord exposure to

2-methylngphthalene is supported by derma studies with a methylnaphthal ene mixture containing both
2- and 1-methylngphthaene, in an approximate 2:1 retio, respectively. All femae B6C3F1 mice
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dermaly exposed to 119 mg/kg methylnaphthal ene twice weekly for 30 weeks, or 238 mg/kg twice
weekly for 20 weeks exhibited pulmonary aveolar proteinosis (Murata et d., 1992). Similarly, a61-
week study reported lipid pneumoniain B6C3F1 mice dermally exposed to 118.8 mg/kg-day
methyl naphthalene mixture (Emi and Konishi, 1985).

Other avallable ord toxicity studies of 2-methylnaphthaene are of prechronic duration.
Fitzhugh and Buschke (1949) conducted a study on cataract formation in rats fed 2-methyl-naphthaene
for at least 2 months. No cataracts were observed and no other endpoints were sudied. Murata et al.
(1997) conducted a range-finding study in which groups of B6C3F1 mice (10/sex/group) were fed
diets containing approximate average daily doses of 0, 31, 92, 276, 827, or 2,500 mg/kg-day 2-
methylnagphthalene for 13 weeks. No histopathologica effects were observed in tissues and organs of
male or female mice exposed to 827 or 2,500 mg/kg-day. Decreased weight gain was observed at the
three highest dose levelsin both maes and femaes, and was attributed to food refusd (Murataet d.,
1997). The absence of pulmonary aveolar proteinosisin prechronicaly exposed mice, which were
exposed to much higher doses than those used in the chronic study, suggests that the devel opment of
pulmonary aveolar proteinosis may require chronic duration exposure.

Although Rasmussen et d. (1986) reported minima liver damage in mae Swiss-Webster mice
injected with 142 or 284 mg/kg 2-methylnaphthaene, no histologica evidence of liver or kidney
damage was seen in mae C57BL/6J (Griffin et d., 1981, 1982) or mae DBA/2J mice (Griffinet d.,
1983) a doses up to 1,000 mg/kg. An acute dose of 1,000 mg/kg 2-methylnaphthalene was frankly
toxic, as evidenced by mortaity observed in 3/10 mice dosed at this concentration (Griffin et d., 1981,
1983).

A limitation of the principa study by Murata et d. (1997) is the occurrence of pulmonary
aveolar proteinogsin control mice. The authors described the condition as being less pronounced but
gmilar to the adverse lung effects observed in the 2-methylnaphthalene exposed mice. The authors dso
indicated that pulmonary aveolar proteinosis had not been observed in more than 5,000 B6C3F1
control mice, and speculated that the background incidence may have been devated by the inhaation of
volatilized test chemicals and poor room ventilation. The study was conducted in conjunction with a
study testing 0.075 and 0.15% 1-methylnaphthaenein the diet (Murata et a., 1993). Both studies
shared a common control group of mice, and al mice were housed in the same room (Murata et .,
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1993, 1997). While Murata et d. (1993, 1997) did not quantitate the concentration of either 1- or 2-
methylngphthaene in the arr, it should be noted that 2-methylnaphthaeneis dightly more volatile than 1-
methyl naphthal ene (vapor pressure of 0.068 mm Hg compared to 0.087 mm Hg, respectively).
Potentia confounding from possible inhdation exposure to 1- and 2-methylnaphtha ene adds some
uncertainty to the dose-response relationship between ord exposure to 2-methylnaphthaene and
pulmonary aveolar proteinoss.

5.1.2. Methods of Analysis- Including Models

The data were andyzed using benchmark dose (BMD) modding for the derivation of the point
of departure. Based on the Murata et d. (1997) study, the critica effect is pulmonary aveolar
proteinogs. While the principa study for 2-methylnaphthal ene shows a dose-response relationship
between ord exposure to 2-methylnaphthaene and pulmonary alveolar proteinoss (Murata et d.,
1997), the data are somewhat uncertain for characterizing risk at lower exposures. Firgt, the potential
confounding from possible inhalation exposure to 1- and 2-methylngphthalene by al animals
complicates the quantitative assessment of the dose-response relationship, & least in how to interpret
the incidence of pulmonary aveolar proteinosisin control animals. No data were found which
characterize the response of mice to elther chemica done by inhdation. Since the incidence of
pulmonary aveolar proteinoss was reported to be unusualy high compared with historical contrals, it
may not be ardevant basdine. Moreover, the smilar degree of pulmonary aveolar proteinogsin the
two exposed groups, both averaging about 45%, provides little information concerning the shape of the
dose-response relationship expected at lower exposures (see Table B1 and the BMDS graph in the
model output in Appendix B). Neverthdess, some judgments about these issues can be made which
dlow estimating an RfD from these data, as discussed below.

Given the possible smultaneous inhdation exposure to 1- and 2-methylngphthaene during the
ora exposure study, consderation of concurrent and historica control information may provide some
bounds on the degree of effects that can be associated with oral exposure to 2-methylnaphthalene. The
concurrent control group is generaly the most relevant comparison group, unless there is documentation
that the control group was treated differently than the exposed groups. Thereis no reason to believe
that the control group was trested any differently than the exposure groupsin the principal study. Even
if there were secondary exposure to volatilized test materials and it can be assumed that dl animas
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were Smilarly exposed, the concurrent control group provides the most relevant basdine for assessing
adverse effects in the exposed groups.

Alternatively, use of the historical control information may provide an upper bound on the
magnitude of effects associated with ord exposure to 2-methylngphthdene. Severd hypothetica
Stuations can be used to characterize the contribution of 1-methylngphthalene to the observed effects.
In the smplest case, if coexposure to 1-methylnaphthalene has no adverse effects, and 2-
methylnaphtha ene exposure by inhdation is an unavoidable consequence of exposure to 2-
methylnaphthaene in the diet, then the gppropriate control group would be one which could have been
isolated from any possible inhalation exposure of 2-methylnagphthaene. The historical control group
would then be considered the best available comparison group. This comparison would yield the
largest difference in effect level between control and exposed groups.

It isnot clear, however, that inhdation exposure to 1-methylnaphthaene has no association with
pulmonary aveolar proteinogs. The animas exposed Smultaneoudy to 1-methylngphthdene in their
diet demondrated incidences of pulmonary dveolar proteinosis Smilar to that of the 2-
methylnaphthal ene-exposed animals (see Footnote 2, Section 4.2.1.2.), indicating that ord 1-
methylnaphtha ene exposure is associated with pulmonary aveolar proteinoss. Therefore, use of the
concurrent control isimportant to adjust for any effect of smultaneous 1-methylnaphthalene exposure.
If the effect of 1-methylnaphthalene is additive and constant across the experimental groups, the
concurrent control incidence effectively accounts for this. If, however, 1-methylngphthaene and 2-
methylnaphthalene interact, then the concurrent control incidence may be alow estimate of the
contribution of 1-methylngphthaene in the groups purposaly exposed to 2-methylnaphthalene. In that
case, use of the concurrent control is more relevant than the historical control, but would il lead to an
overestimate of the effect attributable to 2-methylngphthalene at a given dose leve, dueto
underestimating the contribution of 1-methylnaphthdene in the 2-methyl naphtha ene-exposed groups.

In other words, the benchmark dose (BMD) estimate would be lower than it should be. Without data
to clarify whether there is an interaction (or how large it may be), there is no way to estimate the impact
on the BMD.

In summary, use of the historical control provides an upper bound on the degree of effect
associated with ord exposure to 2-methylngphthaene, while the concurrent control accounts for any
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additive effects of smultaneous inhdation exposure to 1-methylngphthadenein this study. If
smultaneous inhaation exposure to 1-methylngphthaene is associated with an interactive effect with 2-
methylngphthalene, use of the concurrent control would aso provide a high-end estimate of the risk of
pulmonary aveolar proteinods at a given exposure level. Both control groups are considered below in
characterizing the point of departure.

Both commonly used gpproaches for identifying a point of departure for low-dose
extrapolation, the LOAEL/NOAEL methodology and BMD modeling, have some relevance for this
dataset. The LOAEL/NOAEL methodology is not as dependent on the level of responsein the
control group as BMD modding, as long as the response leve in the exposed group is Sgnificantly
different from the control. Thelower dosein the Murata et d. (1997) data set is easlly identified asthe
LOAEL, regardless of whether it is compared with the concurrent or the historical control groups. In
addition, the smilarity of responsesin the ordly exposed groups has very little impact on identifying the
LOAEL. The NOAEL/LOAEL approach would yidd a LOAEL of 52.3 mg/kg-day, usng the
combined male and female data.

On the other hand, BMD modeing can provide a point of departure which is consstent with
more of the observed data than the LOAEL/NOAEL approach uses, by taking into account the degree
of response at the point of departure, and addressing the variability inherent in the data. In this case,
the shape of the dose-response at |ower exposures would still be somewhat uncertain, however.
Similar responses in the dose groups suggest that the observed plateau may continue somewhat into the
lower exposure range, but not much more can be inferred about the low-dose behavior of the
relationship. The incidence data for males and females were fit using dl dichotomous varigble models
avalablein the BMDS Version 1.3.2. software (U.S. EPA, 2002); the results are shown in Appendix
B. Note that the incidence of pulmonary dveolar proteinosis for mae and females were not different or
datigicaly sgnificant from each other (p #0.05, using Fisher's exact test), indicating neither sex was
clearly more sengtive. Consequently, the BMD modeling andlys's dso congders the combined
incidences for each exposure group to strengthen the quantitative results.

Much of the BMD modding did not provide adequate fits, as indicated by chi-square
goodness-of-fit p-values less than 0.1 (see Appendix B). None of the models fit the female mouse data
well, nor the combined femae and mae data, due to the non-monatonic response pattern in femae
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mice. For the male mouse data, the application of the log-logistic modd provided the best fit, as
indicated by the lowest Akaike Information Criterion (A1C) among the models with adequate fits
(p>0.1), according to the criteriain the draft BMDS guidance (U.S. EPA, 2000c). TheBMD,, and
BMDgs from the log-logistic mode were 13.7 and 6.9 mg/kg-day, respectively, for pulmonary alveolar
proteinosis in male mice exposed to 2-methylnaphthalene in the diet for 81 weeks (Murata et d, 1997).
The lower 95% confidence limit on the BMD,,and BMDgs (i.e., BMDL;q and BMDL 5 ) were 9.1
and 4.5 mg/kg-day, respectively. However, thismodd does not fit the data well since the largest
deviation in the fit occurs a the low dose response whereiit is especidly important to have an adequate
prediction. Also, even though the male and femd e responses were not different or gatidticaly
ggnificant from each other, the female response (55%) was somewhat higher than the male response
(43%) a the low dose (see Table B1). The biologica sgnificance of this differenceis not clesr,
especialy because of the uncertain nature of the background incidence of pulmonary aveolar
proteinosisin this study, as noted earlier (see Sections 5.1.1. and 5.1.2.). Therefore, reliance on the
combined mae and female incidence data appears to be the most gppropriate approach.

Another approach to fit the low dose responses observed in male and femae mice is to exclude
the high dose groups from the combined data set. This practiceis judtified by the following
consderations (U.S. EPA, 2000c). Without a mechanistic understanding of how pulmonary aveolar
proteinoss results from exposure to 2-methylnaphthaene, data from exposures much higher than that
associated with the benchmark response do not provide very much information about the shape of the
response in the region of the benchmark response. The lack of fit for the full data set appearsto be due
to the characteristics of the high dose groups, where the response plateaus. Although dropping the high
dose groups ignores some of the data and decreases the degrees of freedom for moddling, itisa
reasonable gpproach because the focus of BMD analysisis on the low dose and response region (U.S.
EPA, 2000c). The BMDS quantd-linear model provides amodd that is closest to a straight line,
whichisdl tha can be justified for modding essentidly two data points (the combined control groups
and the smilar mae and femae low dose groups). The resulting modd parameters are provided in
Appendix B. Note that goodness-of-fit measures are irrdlevant in this case, snce agraight lineis
defined by two points.

A benchmark response level of 5% extrarisk of the critical effect, pulmonary aveolar
proteinos's, was selected for this assessment. This effect is Smilar to adisorder of unknown etiology
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that has been identified in humans. If this disorder were to occur in humans following exposure to 2-
methylnaphthalene, it is anticipated that children may be more susceptible especidly since children
affected with the disorder often experience more severe symptoms than adults. Thus, a5% extrarisk
of pulmonary aveolar proteinosis was judged to be an gppropriate level of extrarisk for this critica
effect. The BMD,, and BMDgg from the quantd-linear modd was 9.6 and 4.7 mg/kg-day for
pulmonary aveolar proteinossin mae and femae mice exposed to 2-methylnaphthalene in the diet for
81 weeks respectively (Murata et d., 1997). The lower 95% confidence limit on the BMD,, and
BMDg; (i.e, BMDL ,, and BMDL ) was 7.3 and 3.5 mg/kg-day respectively.

Limited moddling was carried out using the reported historica incidence of O cases of
pulmonary dveolar proteinosisin ~5,000 control mice and the combined male and female incidence
data from the exposed groups. The fits paralleled those using the concurrent control, with none
providing an adequate fit. The BMD,, was 8.2 mg/kg-day, and the BMDL ,, was 6.5 mg/kg-day. This
BMDL,, is margindly lower than the value of 7.3 mg/kg-day derived using the concurrent control
group. Given thelack of information confirming any confounding exposures and whether or not an
interaction would be expected, the concurrent control gppears to provide the most suitable basdine for
esimating the extrarisk of developing pulmonary dveolar proteinosis. Therefore, the high dose groups
were dropped and a quanta-linear model wasfit to the low-dose male and female data, as described
below.

5.1.3. RfD Derivation - Including Application of Uncertainty Factors (Ufs)

Using benchmark dose modeling, the BMDL 5 of 3.5 mg/kg-day for 5% extrarisk of
pulmonary dveolar proteinosis in mice exposed to 2-methylngphthdenein the diet for 81 weeks
(Murataet d., 1997) was sdlected as the point of departure for the RfD.  To cdculate the RfD using
the BMDL 5, severd uncertainty factors (UFs) were gpplied.

A total UF of 1000 was applied to this effect level: 10 for extrapolation for interspecies
differences (UF,: animd to human); 10 for consderation of intragpecies variation (UF,,: human
varigbility); and 10 for deficiencies in the database (UFp). Uncertainty factors for subchronic to chronic
exposure extrapolation and for LOAEL to NOAEL extrapolation were not considered necessary.
These decisons are described in greater detail below.
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A 10-fold UF was used to account for uncertainty in extrgpolating from laboratory animasto
humans (i.e,, intergpecies variability). No information was available regarding the toxicity of 2-
methylngphthalene in humans exposed ordly. No information was available to assess toxicokinetic
differences between animas and humans.

A 10-fold UF was used to account for variation in sengtivity among members of the human
population (i.e, interindividua variagbility). This UF was not reduced due to alack of human ord
exposure data.

A 10-fold UF was used to account for uncertainty associated with deficienciesin the data base.
One chronic duration ord toxicity study in one anima species (mice) is avalable (Murataet d., 1997).
The data base |acks adequate studies of oral developmenta toxicity, reproductive toxicity, and
neurotoxicity. The data base also lacks a 2-generation reproductive toxicity study.

An UF was not needed to account for subchronic to chronic extragpolation because a chronic
study (81 weeks) was used to derive the RfD.

An UF for LOAEL-to-NOAEL extrapolation was not consdered as such, since benchmark
dose modeling was used to determine the point of departure. While the 5% extra response level used
to derive the RfD is not a no-response level, some congderation of what level of extrarisk of
pulmonary adveolar proteinosis conditutes aminima hedth risk is appropriate.

The RfD for 2-methylnaphthal ene was calculated as follows:
RfD = BMDLys + UF
= 3.5 mg/kg-day + 1000
= 0.004 mg/kg-day

In addition to the uncertainties noted above, there is modd uncertainty owing to the lack of
actud dose-response information or mode of action information in the region of the dose-response
where the point of departureis estimated. As noted earlier, the responses in 2-methylnaphthalene-
exposed animals suggest a continuation of the plateau into the lower exposure region, so using alinear
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model may provide a higher benchmark dose than is gppropriate. 1n addition, while BMDS was used
to generate alower bound on the estimated benchmark dose, the lower bound probably describes too
narrow a confidence limit on the benchmark dose. This is because the uncertainty in the data set cannot
be adequately described without the high dose responses.

In comparison, the NOAEL/LOAEL approach would yield a LOAEL of 52.3 mg/kg-day,
using the combined mae and femae data. This dose would be adjusted by a LOAEL-to-NOAEL
extrapolation uncertainty factor of up to 10 in order to estimate an RfD. The observed response at the
LOAEL, rdative to the concurrent control, was approximately 44%, in terms of extrarisk: ER = [P(d)-
P(0)]/[1-P(0)] = [48/98 - 9/99]/[1 - 9/99] = 0.44, where P(d) is the proportion responding at dose d
(here the low dose), and P(0) is the proportion responding at dose O (control). Use of the full LOAEL-
to-NOAEL uncertainty factor of 10 appears judtified, and it might be argued that afactor of 10 isnot
enough. However, the default of 10 would contribute to atota UF of 10,000 given the other
uncertainty factors dready considered. The RfD/RfC Technical Pand Report (U.S. EPA, 2002)
recommended “limiting the total uncertainty factor applied for any particular chemical to no more than
3000 and avoiding the derivetion of a reference vaue that involves gpplication of the full 10-fold
uncertainty factor in four or more areas of extrgpolation.”

52. INHALATION REFERENCE CONCENTRATION (RfC)

No epidemiology studies or case reports are available which examined the potentid effects of
human inhalation exposure to 2-methylnaphthaene.

No chronic or prechronic studies are available that exposed animals by inhaation to 2-
methylnephthaene.

Two reports are available on acute exposure of animas to 2-methylnaphthaene; neither are
suitable for RfC derivation. Lorber (1972) investigated hematoxicity endpoints in intact and
gplenectomized dogs exposed to mists of 2-methylnaphthaene (at unknown concentrations) for 41-50
minutes for 4 consecutive days. No clear evidence of hematoxicity was observed. Korsak et dl.
(1998) exposad rats by inhdation to 2-methylngphthaene for 4 hours to evaluate neurctoxicity, and
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mice for 6 minutes to evaluate sensory/respiratory irritation (Korsak et d., 1998). In rats, none of the
concentrations tested affected a neuromuscular test (rotarod performance) but two concentrations
decreased pain sengitivity (measured by latency of paw-lick response to a heated surface). In mice,
rapid but reversible decreases in respiratory rate were

observed with the response magnitude increasing with increasing exposure concentration.

An RfC for 2-methylnaphthaene cannot be derived in the absence of an inhalation study of
aufficient duration that evaluates a comprehensive array of endpoints to establish aNOAEL or
LOAEL. A route-to-route extrgpolation is not currently possible. No toxicokinetic models are
available for 2-methylngphthaene, but there is evidence to suggest thet its ability to induce pulmonary
aveolar proteinossin mice may vary across routes of exposure (as discussed in Section 4.5.2.).

5.3. CANCER ASSESSMENT

Asdiscussed in Section 4.6.1., the available data base for 2-methylnaphthalene is inadequate
to assess human carcinogenic potential. Limited evidence of carcinogenicity in animals was provided
by an 81-week dietary study in B6C3F1 mice (Murataet d., 1997). A datisticdly sgnificant increase
in the incidence of lung adenomas and tota lung tumors (adenomas and carcinomas combined) for the
low-dose male group (54.3 mg/kg-day) was observed when compared to controls. However, no
evidence of carcinogenicity was observed in mae mice exposed to the high dose (113.8 mg/kg-day) or
in femae mice (50.3 or 107.6 mg/kg-day). No evidence of atrend of increasing tumor incidence with
increasing dose was seen for males or femaes. Lack of an gpparent dose-response relationship makes
the data unsuitable for quantitative assessment of carcinogenic potentid. No datigicaly sgnificant
elevationsin other tumor incidences were seen in any exposure group.

A dermd cocarcinogenicity study was an unsuitable test of 2-methylngphtha ene carcinogenicity
because 2-methylnaphthalene was tested only in a mixture with benzo[a]pyrene (BaP) (Schmeltz et .,
1978).

In addition, no genotoxicity studies in humans or animas and sudies investigating potentia
germ-line mutations are available. Datafrom in vitro short-term assays provide limited evidence for
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genotoxic activity of 2-methylngphthaene (Horin et d., 1980; Harvey and Haonen, 1968; Hermann,
1981; Kopper Co. Inc., 1982; Kulkaet a., 1988; Weis et a., 1998).
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6. MAJOR CONCLUSIONSIN THE CHARACTERIZATION OF
HAZARD AND DOSE RESPONSE

6.1. HUMAN HAZARD POTENTIAL

2-Methylnaphthaene (CAS No. 91-57-6) is anaturd component of crude oil and cod and is
found as a pyrolytic byproduct from the combustion of tabacco, wood, petroleum-based fuels and cod.
It isaso used asachemica intermediate in the synthesis of vitamin K.

No data are available regarding the potentia toxicity of 2-methylnaphthaene in exposed
humans viathe ora route. However, the avalable anima data indicate that the lung is a sengtive target
organ. The critical effect observed in mice following chronic ord exposure to 2-methylnaphthaene
(Murataet d., 1997) and chronic derma exposure to methylnaphtha ene mixtures (Emi and Konishi,
1985; Murata et d., 1992) was pulmonary dveolar proteinosis. This effect was characterized by
accumulation of foamy cdlls, cholesteral crystas, and proteinaceous materiasrich in lipidsin the lumen
of the pulmonary aveoli (Murataet d., 1997). Since the effect is Smilar to adisorder of unknown
etiology that has been observed in humans, it is anticipated that humans exposed to 2-
methylngphthalene may develop pulmonary aveolar proteinoss.

In humans, pulmonary aveolar proteinosisis characterized by symptoms such as dyspnea and
cough with possible decreased pulmonary function, identified by decreased functiona lung volume and
reduced diffusing capacity. It has not been associated with airflow obstruction (Lee et d., 1997,
Mazzone et d., 2001, Wang et d., 1997). Cases of pulmonary dveolar proteinosis in humans have not
been directly associated with exposure to 2-methylnaphthalene.

The effects of prechronic or chronic inhaation exposure to 2-methylnaphthal ene have not been
sudied in humans or animas. No suitable toxicokinetic models are available to extrapol ate between
routes of exposure. Since chronic exposure to 2-methylngphthalene by ora and derma routes targets
the lung causing pulmonary aveolar proteinosis, it is plausible that Smilar adverse effects may be seen
after chronic inhalation exposure to 2-methylngphthalene. However, no conclusions can be drawn from
the current data regarding potentid exposure-response relationships for chronic inhalation exposure.
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Under the Draft Revised Guiddinesfor Carcinogen Risk Assessment (U.S. EPA, 1999), the
available data for 2-methylngphthaene are inadequate to assess human carcinogenic potential.
There are no sudies of the potentia carcinogenicity of 2-methylnaphthalene in humans, and only one
adequate cancer anima bioassay is available (Murata et d., 1997). While the study found an increased
incidence of tota lung tumors and adenomas in mae mice, but not female mice, exposed to 2-
methylngphthalene in the diet for 81 weeks, the incidence was only increased at the lower of two
exposure levels. The relevance of these observations to humansis uncertain. Other anima species have
not been tested and results from short-term genotoxicity tests provide no supporting evidence for the
carcinogenicity of 2-methylngphthalene. As such, the available evidence of 2-methylngphthaene
carcinogenicity islimited and insufficient to determine that 2-methylngphthaene is carcinogenic to
humans

6.2. DOSE RESPONSE

6.2.1. Noncancer/Oral

The RfD of 0.004 mg/kg-day was cdculated from a BMDL 5 of 3.5 mg/kg-day for 5% extra
risk for pulmonary aveolar proteinoss in mice exposed to 2-methylngphthalene in the diet for 81
weeks. A tota UF of 1000 was used: 10 for interspecies variahility, 10 for interindividua variability,
and 10 for data base deficiencies.

No data are available regarding the potential toxicity of 2-methylngphthalene in exposed
humans via the ora route and no suitable toxicokinetic or toxicodynamic models have been devel oped
to reduce uncertainty in extrgpolating from mice to humans.

The extent of variahility in susceptibility to 2-methylngphthalene among humansis unknown;
representing another important area of uncertainty in the RfD. Chronic experiments rlevant to 2-
methylnaphthalene exposure have only been performed in one strain of one species, B6C3F1 mice.
Subpopulations expected to be more susceptible to 2-methyl ngphthal ene toxicity include those with
limited or dtered capacity to metabolize and detoxify 2-methylngphthaene, and people with existing
pulmonary aveolar proteinoss or those with risk factors for developing the disease.
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The principd study for the RfD (Murata et d., 1997) examined a comprehensive number of
endpoints, including extensive histopathology, and tested two dose levels using sufficient numbers
(50/group) of both sexes of B6C3F1 mice. Potentia confounding from possible inha ation exposure of
controlsto 1- and 2-methylnaphthalene in this study adds some uncertainty to the dose-response
relationship. Asde from this study, the oral databaseis parse. No information is available for the
testing of 2-methylnaphthaene in assays of developmentd toxicity, reproductive toxicity, and
neurctoxicity.

Redative to aNOAEL/LOAEL approach for RfD derivation, the use of BMD modeling reduces
the uncertainty associated with the RfD by incorporating informeation available for the control and high-
exposure groups in addition to the LOAEL. Additiona uncertainties arise when extrapolating from the
relaively high exposure levels used in the sudy (Murata et d., 1997) to lower exposure levels, and a
lack of empiricd dataidentifying aNOAEL. The BMDS quanta-linear mode was sdected because it
provided the best fit to the data (Appendix B).

6.2.2. Noncancer/Inhalation

The data base for inhdation exposure is limited to severa acute sudies and therefore, was
unsuitable for caculating an RfC vaue.

6.2.3. Cancer/Oral and Inhalation
Under the Draft Revised Guiddines for Carcinogen Risk Assessment (U.S. EPA, 1999), the

data base for 2-methylnaphthaene isinadequate to assess human carcinogenic potential. Assuch,
the data are unsuitable to calculate quantitative cancer risk estimates for humans.
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APPENDIX A: SUMMARY OF EXTERNAL PEER REVIEW AND PUBLIC COMMENTS
AND DISPOSITION

The support document and IRIS summary for 2-methylnaphtha ene have undergone both interna peer
review performed by scientists within EPA and amore forma externa peer review performed by
scientists in accordance with EPA guidance on peer review (U.S. EPA, 1998b, 2000a). Comments
made by the internd reviewers were addressed prior to submitting the documents for externd peer
review and are not part of this gppendix. The four externa peer reviewers were tasked with providing
written answers to genera questions on the overal assessment and on chemical-specific questionsin
aress of scientific controversy or uncertainty. A summary of significant comments made by the externd
reviewers and EPA’ s response to these comments follows:

The reviewers made severd editorid suggestions to clarify specific portions of the text. These changes
were incorporated in the document as appropriate and are not discussed further.

COMMENTSFROM EXTERNAL PEER REVIEW

Overall Document Quality

Questions 1 and 2: How well were the data from individuad studies characterized and are the
conclusions that are drawn from each study vaid? How well are the dataintegrated into an overdl
conclusion and characterization of hazard as presented in Sections 4.5, 4.6, 5, and 6?

Comment: The reviewers agreed that the data from individua studies waswell characterized and
properly incorporated into an overall concluson and characterization of hazard. One reviewer noted
that despite the availability of previous sudies evauating the toxicity of 2-methylngphthdene, the data
base for this chemica has deficiencies such asthe lack of human exposure and carcinogenicity studies.
The reviewer felt that as aresult of the sparse data base, data integration in the dose-response was
lacking.

Response: The absence of additiond long-term carcinogenicity and inhdation studies, in addition to
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deficiencies in the data base is discussed in Sections 5.1.3,, 5.2, and 5.3. In addition, al available data
on 2-methylngphthalene (ord, limited inhalation, intraperitoneal studies, and studies on

methyl naphthal ene mixtures containing 2-methylngphthaene) has been described in depth and
integrated in the dose-response assessment.

Question 3: What isthe overd| qudity of the document?

Comment: All four reviewers commented on the high overdl qudity of the document.

General Questions and | ssues

Question 1: Are any other data/lstudies available that are rlevant (i.e., useful for the hazard
identification or dose-response assessment) to the assessment of the adverse hedlth effects, both cancer
and noncancer, of this chemica?

Comments:. All reviewers agreed that there were no other available Sudies that were relevant to the
hazard identification or dose-response assessment for 2-methylngphthal ene (both cancer and

noncancer)

RfD Derivation

Question 1: Under Section 5.1.1., Choice of Principal Sudy and Critical Effect, the RfD isbased
on an 81-week study in mice fed 2-methylnaphthalene (Murata et d., 1997). The critica effect
observed was pulmonary aveolar proteinoss. This study was conducted concurrently with an 81-week
study in mice fed 1-methylngphthalene (Murata et d., 1993) with a shared control group between the
1- and 2-methyl ngphtha ene exposure groups. All animas were housed in the same room. While the
incidence of pulmonary aveolar proteinoss in controls was increased (for the particular strain of mouse
utilized in both studies), the authors suggested it may have been due to volatilized 1- and 2-
methylnaphthaene. Is use of the Murata et d. (1997) study justified and isthe rationde for this study
adequately explained in the Toxicologicd Review (Section 5.1.1.) in light of incidence of the critica
effect in the control group?
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Comments: All reviewers agreed that the use of the Murata et d. (1997) study was justified and that
the rationde for this study was adequatdly explained in the document.

One reviewer expressed interest in why the principa study was published after a sudy evauating the
toxicity of 1-methylnaphthaene, even though these studies were conducted concurrently and by the
same laboratory. The reviewer also questioned why the principa study was published as a short
communication. The reviewer suggested that the study authors could be contacted, but that the
information was not necessary for incluson in the document. This reviewer fdt that the information
would be hepful in determining the confidence in the principa study.

Another reviewer noted that the possibility of interactive effects was not throughly explained in relation
to the hypothesi zed s multaneous exposures to airborne 1- and 2-methylnaphthalene in the Murata et d.
(1997) study and the subsequent incidence of pulmonary aveolar proteinosisin the control group.

Response: The principal study authors were contacted and questioned about their choices concerning
the type of publication and the delay in publication of the 2-methylngphthaene data. The authors
indicated that the ddlay in publishing the 2-methylngphthaene data (Murata et d., 1997) following the
publication of 1-methylnaphthdene data (Murata et d., 1992) was Smply a matter of time condraints.
The study authors aso indicated that the short communication was used as aresult of the existence of
an extensve and detailed publication on 1-methylngphthal ene that was conducted concurrently under
the same protocol and conditions.

Although the possibility of interactive effects was not thoroughly explained in the document, an
expanded discussion of thisissue has been added to the document.

Question 2: Under Section 5.1.1., Choice of the Principal Study and the Critical Effect, the critica
effect isidentified as pulmonary aveolar proteinoss. Isthisthe correct critica effect and isit adequately
described? Isthiscriticd effect biologicaly sgnificant? Findly, does the information presented from
anima gtudies mirror what is know about the disease in humans and is this information adequately
described?

Comment: All reviewers agree that pulmonary aveolar proteinogsis the correct criticd effect and it
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has been throughly described. The reviewers dso agreed that this effect isbiologically sgnificant. One
reviewer indicated that the disease state in humans had not been adequately described in terms of cell
typesinvolved in reducing pulmonary function and histopathology of pulmonary aveolar proteinos's,
and indicated that it was unclear asto whether the pathology of this disorder in humansis smilar to that
inrodents. The reviewer dso commented that it has been shown that pulmonary dveolar proteinoss
may lead to decreased pulmonary function in humans. The reviewer aso noted that changesin type |
pneumocytes could provided alogica explanation for reduced pulmonary function in mice trested with
2-methylnaphthalene. Another reviewer requested that the relationship of the critica effect to drug-
induced phospholipidoss be addressed in this section of the assessment.

One reviewer noted that the dose-response assessment focused only on the incidence of the critica
effect in males and this decison should either be explained more clearly and trangparently or that both
the male and fema e incidence data should be utilized in the dose-response assessment.

Response: Section 5.5.1. has been augmented and revised for clarity. The description of the cell
types involved in the pathogenesis of primary acquired and the congenital forms of pulmonary dveolar
proteinosis in humans (less is known concerning the pathogenesis of the secondary acquired form of the
disorder) has been more extensvely discussed. This section aso provides evidence that the
pathogenesis of pulmonary aveolar proteinoss may be smilar for rodentsand humans.

The concept that, changesin type |l pneumocytes offers alogica explanation for reduced pulmonary
function in mice trested with 2-methylngphthaene is somewhat equivocd. Human pulmonary aveolar
proteinoss has been associated with reduced pulmonary function. This association has not been shown
inrodents. In addition, pulmonary function was not an endpoint measured in the Murata et d. (1997)

study.

Drug-induced phospholipidosisis a condition that develops as the result of exposure to drugs that have
acdtionic lipophilic structure and is characterized by the: accumulation of phospholipidsin cdlls,
gppearance of lamdlar indlusion bodies, accumulation of the inducing drug in associaion with the
increased phospholipids, and reversihility of dterations after removal of exposure to the drug (Reasor
and Kacew, 2001). The disorder shares some common characteristics with pulmonary aveolar
proteinoss (also known as pulmonary phospholipidoss), but is not identical. While both involve the
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accumulation of lipid in the dveoli, pulmonary dveolar proteinogsis not characterized by the
accumulation of an inducing agent in the aveoli of the lung and there is no evidence that remova of
exposure to the inducing agent is associated with reversibility of the disease. Inhdétion toxicity studies
in animds have falled to produce the clinica features associated with pulmonary dveolar proteinoss
and human lung biopsy samples from patients with pulmonary aveolar proteinosis typicaly do not
contain actud particulate matter (Seymour and Presneill, 2002). In addition, acute exposure to silica
dust or other inhaed environmenta or industrid chemicasrarely leads to the development of secondary
acquired proteinosis and has only been documented in afew case studies (Seymour and Presnelll,
2002).

Sinceit isrecognized that the femae mouse incidence data have utility in the assessment, incidence data
for both the males and females have been considered and used in the dose-response assessment.
Additionad modeling and explanatory text has been added to the document.

Question 3: Under Section 5.1.2, Methods of Analysis, Including Models, is the point of departure
determined appropriately (i.e., benchmark dose approach)? Is the 10% response level appropriate
and isthe use of this response level supported adequately?

Comments:. All reviewersfelt that the point of departure had been determined gppropriately and 10%
was an adequate level of response.

One reviewer commented that the discussion of choice of abenchmark dose mode in relation to the
shape of the dose-response curve (Appendix B) was inaccurate. The reviewer disagreed with part of
the description of the dose-response characterization, that models with a concave shape were clearly
not relevant for these data.

Response: The dose-response characterization in the document was intended to describe fits of
particular models to the data, not that a concave shape could not be congistent with the available data.
Additiond language has been added to the document for clarity.

Question 4. Under Section 5.1.3, RfD Derivation-Including the Application of Uncertainty
Factors, are the gppropriate uncertainty factors applied? I's the explanation for each trangparent?
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Specificdly, isthe recommendation for not goplying an effect level extrgpolation factor justified
adequately?

Comments:. All reviewers fdt that the proper uncertainty factors had been gpplied and were
adequately judtified in the assessment.

Cancer Weight-of-Evidence Designation

Question 1. The weight-of-evidence and cancer characterization are discussed in Section 4.6. Have
appropriate criteria been gpplied from EPA’s Draft Revised Guidelines for Carcinogen Risk
Assessment (U.S. EPA, 1999)?

Comment: All reviewers agreed that the data were inadequate to assess human carcinogenic potentia
of 2-methylnaphthalene and felt that the gppropriate criteriafrom EPA’s Draft Revised Guidelines for
Carcinogen Risk Assessment (U.S. EPA, 1999) had been applied.

One reviewer noted that while agreeing with the overdl conclusion that the Murata et d. (1997) sudy
did not provide adequate evidence for determining the carcinogenic potentia of 2-methylnaphthaene,
additiond carcinogenicity studies should be performed in order to evauate the possibility that 2-
methylnaphtha ene toxicity masks any potentia carcinogenic response. The reviewer suggested that
gnce lung tumors in mice are typicaly derived from type Il pneumocytes and Murata et d. (1997)
speculated that the type 11 pneumocytes may be the specific cdllular target of 2-methylngphthaene
toxicity, the potentia exists that 2-methylngphtha ene-induced toxicity masks the carcinogenic potentia
of thischemica in the mouse lung. Thisreviewer suggested that 2-methylngphthaene may be
carcinogenic in the mouse lung at lower doses, administered for shorter durations and recommended
that further experiments be conducted to determine whether this may or may not be the case.

One reviewer noted the need for further long-term carcinogenicity and inhdation studies to determine
the potentid carcinogenicity of 2-methylnaphthaene. The absence of additiond long-term
carcinogenicity and inhaation studiesis recognized in Sections 5.1.3,, 5.2., and 5.3.

Response: It isrecognized that further studies should be conducted to better evaluate the pathogenesis
and carcinogenicity of 2-methylngphthalene. However, snce there is currently no definitive evidence to
suggest that 2-methylnaphtha ene may be carcinogenic in the mouse lung a lower doses and
adminigtered for shorter durations, a discussion of this reviewer’s hypothesisis not included in the
document. The specific molecular mode of action of 2-methylnaphthaene-induced pulmonary aveolar
proteinosisis not completely understood. The suggestion by the principa study authors that 2-
methylnaphthalene may target type |1 pneumocytes is cons stent with the pathogenesis of the disease in
humans and is substantiated by the available evidence in mice exposed to a mixture of
methylnaphthaenes. Specificdly, the lungs of mice chronicaly exposed to amixture of
methylnaphthaenes (containing both 1- and 2-methylnaphthdene) show hypertrophy and hyperplasa of
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type Il pneumocytes (Murata et ., 1992).

PUBLIC COMMENTS (RECEIVED SEPTEMBER 2003)

Comment: A commenter did not consider the Murata et d. (1997) study adequate for the derivation of
an RfD based on the possible smultaneous exposure of the animasto 1- and 2-methylngphthaene. In
addition, the commenter indicated that the BMD modding did not adequately use dl of the data (i.e.,
the femal e data was omitted from the andlyss). Also, the commenter suggested that BMD modeling of
the study’ s data set may be technically inappropriate.

Response: An expanded discussion of the possible smultaneous exposure to 1- and 2-
methylnaphthalene was added to the document following externd peer review. In addition, both male
and female data were used in the BMD modding for derivation of the RfD. An added discussion of the
BMD modeling has aso been added to the document.
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APPENDIX B: BENCHMARK DOSE (BMD) ANALYSIS

Usng BMDS verson 1.3.2., the modeled data included the incidence of pulmonary aveolar proteinosis
observed in male and female B6C3F1 mice exposed to 2-methylnaphthdenein the diet (Murataet d.,
1997) asshown in Table B1.

TableB1. Incidence of pulmonary alveolar proteinosisin B6C3F1 mice fed 2-methylnaphthalene for 81
weeks

Females Males
Dose Dose
Dietary dose (%) (mg/kg-day) Incidence (mg/kg-day) Incidence
0 0 5/50 (10%) 0 4/49 (8%)
0.075 50.3 27149 (55%) 54.3 21/49 (43%)
0.15 107.6 22/48 (46%) 113.8 23/49 (47%)

Source: Adapted from Murataet al., 1997.

The benchmark response (BMR) was defined as a 5% increase in extrarisk for the critical effect,
pulmonary aveolar proteinoss. Tables B2 and B3 show the Satistica results used to evaluate the
goodness-of-fit. Models which were clearly not relevant, that is, those which completely missed any of
these dose-response points and their confidence intervas, such as the quanta-quadratic model, are not
included in the summary. The BMDy; and BMD,, and aBMDL o5 and BMDL ;, were estimated as a
consistent point of comparison across chemicals as recommended by the Benchmark Dose Technica
Guidance Document (U.S. EPA, 2000c).

For each modd, the software performed resdua and overdl chi-square goodness-of-fit tests, and
determined the Akaike's Information Criterion (AIC). The chi-square p-vaue is a measure of the
closeness between the observed data and the predicted data (predicted using the modeled fit). Models
with chi-square p-vaues $0.1 were consdered adequate fits. The AIC isameasure of the modd fit
based on the log-likelihood at the maximum likelihood estimates for the parameters. Modes with lower
AIC vaues among those with adequate chi-square p-vaues were identified. Based on these criteria,
the fit of mae data to the log-logistic mode is the best fitting modd. Output from the software for the
log-logistic model run (of the male mouse incidence data) follows Tables B2 and B3.

Since female mice demongtrated a somewhat higher response a the low-dose than mae mice, modeding
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of both low-dose groups was also carried out (Table B3).

Since there is some vdidity to using the higtorical control data as a reference group (assuming O
responses from 5,000 mice), additiond runs were considered using the mae and femae incidence data
from the low dose group. The results are shown for comparison in Table B3.

Table B2. Benchmark dose modeling (both high and low dose groups compared to concurrent controls)
for critical effect, settings of 10% extrarisk, confidence level 0.95

Model results
Combined
Model Females Males (males + females)
Log-Logistic | AIC 176.7 167.8 341.6
Chi Square p-value 0.0099 0.228 0.027
BMD,, (mg/kg-day) 10.7 13.7 121
BMDL,, (mg/kg-day) 7.0 9.1 9.0
Log-Probit AlC 182.4 171.0 350.1
Chi Square p-value <0.001 0.029 <0.001
BMD,, (mg/kg-day) 25.7 30.1 27.8
BMDL,, (mg/kg-day) 19.3 22.9 22.7
Probit AlC 183.8 172.4 350.8
Chi Square p-value <0.001 0.014 <0.001
BMD,, (mg/kg-day) 28.3 321 27.9
BMDL,, (mg/kg-day) 223 25.9 22.7
Quantal - AlC 179.2 168.9 345.2
linear 2 Chi Square p-value 0.002 0.106 0.005
BMD,, (mg/kg-day) 155 18.0 16.7
BMDL,, (mg/kg-day) 11.2 131 132

2 The output for the gamma, quantal-linear (one-stage multistage), and weibull model fits were identical.

B-2



Table B3. Comparison of benchmark dose modeling results considering 5% and 10% extrarisk levels
(with confidence level 0.95) and comparison against historical and concurrent controls

Data Set Model Model results
Male mice, Log-Logistic AlC 167.8
low and high dose groups Chi Square p-value 0.228
(concurrent controls) BMD,, (mg/kg-day) 13.7
BMDL,, (mg/kg-day) 9.1
BMDy (mg/kg-day) 6.9
BMDLy (mg/kg-day) 45
Male and female mice, Quantal-linear® AlC 200.7
low-dose only Chi Square p-value 0.15
(concurrent controls) BMD,, (mg/kg-day) 9.6
BMDL,, (mg/kg-day) 7.3
BMDy; (mg/kg-day) 4.7
BMDLy (mg/kg-day) 35
Male and female mice, Quantal-linear® AlC 1385
low-dose only Chi Square p-value 0.34
(historical controls) BMD,, (mg/kg-day) 8.2
BMDL,, (mg/kg-day) 6.5

& The quantal-linear model provides afit closest to a straight line.
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Output B1: Log-logistic model, male mouse incidence data for pulmonary alveolar proteinosis, with concurrent
control (10% BMR)

Log-Logistic Model with 0.85 Confidence Lewvel

Luﬁg-Lngistic

05

Fraction Affected

0.2

a 20 40 ] 80 100 120

dose
11:53 04403 2003

BVMDS MODEL RUN

The formof the probability function is:

P[ response] = background+( 1- background)/[ 1+EXP(-i nt er cept - sl ope*Log(dose))]

Dependent variabl e = PAP_nal es
I ndependent variable = ng_kg_d
Sl ope paraneter is restricted as slope >= 1

Total nunber of observations = 3

Total nunber of records with missing values = 0

Maxi mum nunber of iterations = 250

Rel ative Function Convergence has been set to: 1le-008
Par amet er Conver gence has been set to: 1le-008

User has chosen the | og transforned nodel

Default Initial Paraneter Val ues
background = 0. 0816327

B-4



i ntercept
sl ope

Asynptotic Correl ation

( *** The nodel

Matri x of Paraneter

par anet er (s)
have been estinated at a boundary point,

-4.52857
1

- sl ope

Esti mat es

or have been specified by the user,

and do not appear in the correlation matrix )

backgr ound intercept
backgr ound 1 -0.47
i ntercept -0.47 1
Par amet er Esti nates
Vari abl e Estimate Std. Err.
backgr ound 0. 0869488 0. 0414032
i ntercept -4.81142 0. 266769
sl ope 1 NA
NA - Indicates that this paranmeter has hit a bound
implied by some inequality constraint and thus
has no standard error.
Anal ysi s of Deviance Table
Mbdel Log(li kel i hood) Deviance Test DF P-val ue
Ful I nodel -81.189
Fitted nodel -81. 9066 1.43511 1 0. 2309
Reduced nodel -92.8591 23. 3401 2 <. 0001
Al C 167. 813
Goodness of Fit
Scal ed
Dose Est._Prob. Expect ed Qobserved Si ze Resi dual
0. 0000 0. 0869 4.260 4 49 -0.1321
54. 3000 0. 3667 17.970 21 49 0. 8983
113. 8000 0. 5259 25.770 23 49 -0.7924
Chi -square = 1.45 DF =1 P-val ue = 0.2282

Benchrmar k Dose Conputation

Speci fied effect

Ri sk Type

Confidence | evel
BMD

BIVDL

Extra risk
0.95
13. 6562

9.07745
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Output B1 (con’d): Log-logistic model, male mouseincidence data for pulmonary alveolar proteinosis, with
concurrent control (5% BMR)

Log-Logistic Model with 0.95 Confidence Level

Llﬁg-Lugistic —

06 T T

0a

0.4

03 f

Fraction Affected

02

T
u1:_'_1
1

0 v BmDl gMD

1] 20 40 G0 aa 100 120
dose
158:14 08425 2003

Output B1 for model fit details.

Benchrmar k Dose Conputation

Specified effect = 0.05

Ri sk Type = Extra risk

Confidence |evel = 0.95
BMD = 6.46871
BVDL = 4.29985
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Output B2: Quantal-linear fit of low-dose male and female miceincidence data for pulmonary alveolar proteinosis,
with concurrent control (10% BMR)

Cuantal Linear Model with 0.95 Confidence Level

Ciuantal Linear'

07

0B F

0s

0.4 f

03 f

Fraction Affected

02

01

i
0E EEMDLI EMD . , , ) 1

a 10 20 30 40 alll

dose

15:20 0B/13 2003

BVMDS MODEL RUN

The formof the probability function is:
P[ response] = background + (1-background)*[ 1- EXP(-sl ope*dose)]

Dependent variable = PAP
I ndependent variable = ng_kg_d

Total nunber of observations = 3

Total nunber of records with nmissing values = 0
Maxi mum nunber of iterations = 250

Rel ative Function Convergence has been set to: 1le-008
Par amet er Convergence has been set to: 1le-008

Default Initial (and Specified) Paranmeter Val ues

Background = 0. 095
Slope = 0.00851379
Power = 1 Speci fied
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Asynmptotic Correlation Matrix of Paraneter Estinates

( *** The nodel paraneter(s) -Power
have been estimated at a boundary point, or have been specified by the user
and do not appear in the correlation matrix )

Backgr ound Sl ope
Backgr ound 1 -0.31
Sl ope -0.31 1

Par anmet er Esti mat es

Vari abl e Estimate Std. Err.
Backgr ound 0. 0914229 0. 0290457
Sl ope 0.0109971 0. 00198579

Anal ysi s of Deviance Table

Mbdel Log(li kel i hood) Deviance Test DF P-val ue
Ful | nodel -97.3301
Fitted nodel -98. 3622 2.06418 1 0. 1508
Reduced nodel -118. 507 42. 3543 2 <. 0001
Al C 200. 724

CGoodness of Fit

Scal ed
Dose Est._Prob. Expect ed Qobserved Si ze Resi dua
0. 0000 0. 0914 9. 051 9 99 -0.01774
54. 3000 0. 4999 24. 497 21 49 -0.9991
50. 3000 0.4774 23. 395 27 49 1.031

Chi -square = 2.06 DF =1 P-val ue = 0. 1510

Benchrmar k Dose Conputation

Specified effect = 0.1

Ri sk Type = Extra risk

Confidence |evel = 0.95
BMD = 9. 58077
BVDL = 7.26842
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Output B2 (con’d): Quantal-linear fit of low-dose male and female mice incidence data for pulmonary alveolar
proteinosis, with concurrent control (5% BMR)

Cluantal Linear Model with 0.95 Confidence Level

[juantal Linear'

0y

06

0s

0.4

Fraction Affected

01

dose
15:19 08725 2003

Benchmar k Dose Conputation

Specified effect = 0. 05

Ri sk Type = Extra risk

Confidence | evel = 0.95
BMD = 4.66426
BMDL = 3. 53853
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Output B3: Quantal-linear fit of low-dose male and female miceincidence data for pulmonary alveolar proteinosis,
with historical control (10% BMR)

Cluantal Linear Model with 0.95 Confidence Level

07 Cluantal Linear
=]
a
O
=
=
=
O
=
L
of <1
BMOL BMD . . . .
] 10 20 30 A0 a0
dose
15:22 06413 2003

BVMDS MODEL RUN

The formof the probability function is:
P[ response] = background + (1-background)*[ 1- EXP(-sl ope*dose)]

Dependent vari abl e = PAP_hcont
I ndependent variable = ng_kg_d

Total nunber of observations = 3

Total nunber of records with missing values = 0
Maxi mum nunber of iterations = 250

Rel ative Function Convergence has been set to: le-008
Par amet er Conver gence has been set to: 1le-008

Default Initial (and Specified) Paraneter Val ues

Background = 9. 998e- 005
Sl ope = 0. 0103503
Power = 1 Speci fied
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Asynmptotic Correlation Matrix of Paraneter Estinates

( *** The nodel paraneter(s) -Background - Power
have been estimated at a boundary point, or have been specified by the user,
and do not appear in the correlation matrix )

Sl ope
Sl ope 1
Par anet er Esti mat es
Vari abl e Estimate Std. Err.
Backgr ound 0 NA
Sl ope 0.0128415 0. 00188826

NA - Indicates that this paranmeter has hit a bound
implied by some inequality constraint and thus
has no standard error.

Anal ysi s of Deviance Table

Mbdel Log(li kel i hood) Deviance Test DF P-val ue
Ful | nodel -67.1712
Fi tted nodel -68. 2571 2.17188 2 0. 3376
Reduced nodel -271.713 409. 083 2 <. 0001
Al C 138.514

CGoodness of Fit

Scal ed
Dose Est._Prob. Expect ed Qobserved Si ze Resi dual
0. 0000 0. 0000 0. 000 0 5000 0
54. 3000 0. 5021 24.601 21 49 -1.029
50. 3000 0. 4758 23. 315 27 49 1.054

Chi -square = 2.17 DF =2 P-val ue = 0. 3380

Benchmar k Dose Conput ation

Specified effect = 0.1
Ri sk Type = Extra risk
Confidence | evel = 0.95
BMD = 8. 20467
BVMDL = 6. 49803
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